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Course  Overview 


This  course  contains  eight  modules.  Modules  1 and  2 involve  the  study  of  the  human 
circulatory  system,  defence  mechanisms,  the  nervous  system,  as  well  as  the  principles  of 
genetics.  Modules  3 and  4 investigate  acids  and  bases,  organic  compounds,  and  their 
effects  on  the  environment.  Modules  5 and  6 involve  the  study  of  field  theory,  the 
operation  of  various  electrical  devices,  as  well  as  some  of  the  properties  of 
electromagnetic  waves.  Module  7 focuses  on  the  electromagnetic  spectrum  and  its 
relation  to  the  study  of  the  Universe.  Module  8 will  involve  the  study  of  the  various 
sources  of  energy  and  how  a balance  must  be  maintained  between  the  demand  for 
energy  and  the  need  to  maintain  a viable  environment. 
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MODULE  OVERVIEW 


"Energy  Crisis" — This  was  the  dominant  headline  of  the  mid-1970s  in  newspapers 
across  North  America,  and  in  the  accompanying  articles  scientists  from  around  the 
world  were  speculating  that,  at  the  current  rates  of  consumption,  all  the  known 
resources  of  fossil  fuels  would  be  consumed  by  the  year  2000! 

Up  to  this  time,  humans  lived  in  an  era  of  industrial  growth  never  before  experienced, 
and  the  demand  for  fossil  fuels,  the  required  energy  source,  was  increasing.  In  Alberta, 
the  resulting  oil  boom  brought  economic  growth  and  prosperity,  as  most  of  the  income 
in  Alberta  was  related,  directly  or  indirectly,  to  the  petroleum  industry.  Life  seemed 
secure. 


Yet,  seemingly  overnight,  a crisis  emerged.  What  happened?  What  brought  about  this 
crisis?  Why  did  people  become  so  dependent  on  fossil  fuels  as  an  energy  source?  What 
could  be  done  to  avert  a catastrophe? 


In  this  module  you  will  first  study  all  the  known  available  sources  of  energy.  Then  you 
will  examine  energy  consumption  patterns  in  an  attempt  to  understand  why  a crisis  was 
predicted.  Finally,  you  will  analyse  attempts  at  finding  a solution  to  the  energy  crisis  to 
fulfil  the  ultimate  goal  of  procurring  a sustainable  environment. 
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Evaluation 

Your  mark  in  this  module  will  be  determined  by  how  well  you  complete  the 
assignments  at  the  end  of  each  section.  You  must  complete  all  assignments.  In  this 
module,  you  are  expected  to  complete  three  section  assignments.  The  mark  distribution 
is  as  follows: 


Section  1 Assignment 
Section  2 Assignment 
Section  3 Assignment 

40  marks 

30  marks 

30  marks 

TOTAL 

100  marks 
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Section 


Solar  Energy 
Sources 


What  do  these  three  photographs  have  in  common?  The  common  thread  binding  all  the 
energy  - the  preceding  photographs  is  energy.  Whether  it  is  used  to  drive  the  life  processes  of  the 

ability  to  do  work  human  body  or  the  mechanical  processes  of  industry  and  transportation,  without 

energy,  these  processes  must  cease.  In  fact,  energy  is  the  sustaining  factor  in  the  entire 
universe.  Since  the  earliest  times,  the  prime  directive  of  humans  has  been  the  search  for 
appropriate  sources  of  energy. 

In  this  section  you  will  first  establish  a number  of  possible  sources  of  energy.  Then  you 
will  concentrate  on  the  primary  source  of  energy  as  the  sun,  and  identify  both  renewable 
and  non-renewable  sources  of  energy  from  the  sun.  Finally,  you  will  determine,  both 
mathematically  and  experimentally,  the  amount  of  heat  released  by  a given  amount  of 
paraffin. 
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biomass  - 

organic  matter 
such  as  tissues 
from  plants  and 
animals 


Activity  1:  Sources  of  Energy 


Although  today's  society  is  much  different  than  the  society  of  primitive  human  beings, 
one  basic  necessity  is  common  to  both.  This  basic  necessity  is  a readily  available  source 
of  energy  required  to  sustain  life  by  providing  warmth  and  maintaining  a food  supply. 
What  were  the  early  sources  of  energy?  How  has  the  type  of  energy  source  changed 
through  time? 

In  this  activity  you  will  study  the  historical  sources  of  energy  and  you  will  realize  how 
the  types  of  energy  sources  changed  as  societies  became  larger  and  more  complex.  For 
an  introduction  to  the  various  types  of  energy  sources  available  to  humans  over  the 
course  of  history,  read  the  bottom  of  page  355  and  all  of  page  356  of  your  textbook,  and 
answer  the  following  question. 

1.  Copy  and  complete  the  following  chart  by  placing  the  given  available  energy  source 
in  the  appropriate  space.  The  available  energy  sources  are  as  follows: 

• sun  • wood  and  biomass 

• water  and  wind  • human  labour  and  animals 

• coal  and  peat 


Approximate  Date 

Necessity 

Available 
Energy  Source 

More  than  100  000 
years  ago 

Primitive  human's  basic  need  was 
energy  to  provide  warmth  and 
maintain  food  supply. 

Around  100  000 
years  ago 

Humans  utilized  fire  as  a source  of 
energy. 

Around  10  000  to 
7000  years  ago 

As  humans  began  to  group  into  larger 
societies,  muscle  power  was  needed 
for  building,  for  agriculture,  and  for 
making  weapons. 

Around  7000 
years  ago 

As  societies  became  more  complex, 
energy  was  needed  to  drive  the 
simple  machines  that  replaced  human 
labour  and  animals. 

Around  400 
years  ago 

The  depletion  of  wood  and  other 
biomass  necessitated  the  quest  for 
another  energy  source  to  provide  heat 
and  to  fuel  more  complex  machines. 
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To  extend  your  knowledge  of  the  types  of  energy  sources,  read  page  360  of  Visions  3 and 
answer  the  following  questions. 

2.  a.  Until  the  1700s,  the  demand  by  humans  for  available  energy  sources  was  to 

provide  heat  energy  for  warmth  and  cooking  and  mechanical  energy  to  operate 
simple  machines.  What  terms  are  applied  to  these  historical  sources  of  energy? 


b.  Why  are  these  initial  sources  of  energy  called  renewable  energy  sources? 


3.  a.  What  event  occurred  in  the  1700s  that  greatly  changed  society  and  necessitated 
the  search  for  large  supplies  of  other  energy  sources? 


b.  What  were  some  examples  of  these  new  energy  sources? 


c.  What  terms  are  applied  to  these  new  sources  of  energy? 


d.  Why  are  these  new  sources  of  energy  called  non-renewable  sources  of  energy? 


4.  Although  all  these  energy  sources  seem  to  differ,  why  are  they  considered  to  be 
related? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1;  * Activity  1 . 


All  historical  sources  of  energy  originated  either  directly  or  indirectly  from  the  sun  and 
were  soon  classified  as  either  renewable  or  non-renewable  solar  energy  sources.  In  the 
next  two  activities  you  will  analyse  these  two  types  of  solar  energy  sources  in  greater 
detail. 


Activity  2:  Renewable  Solar  Energy  Sources 


For  about  5 billion  years,  the  sun  has 
been  generating  solar  energy  at  an 
enormous  rate,  and  is  considered  the 
primary  energy  source  for  the  entire 
solar  system.  It  is  difficult  to  think  of 
any  energy  phenomena  on  Earth  that 
are  not  related  to  the  energy  from  the 
sun  in  one  way  or  another. 
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In  this  activity  you  will  identify  not  only  the  sun  as  a renewable  energy  source  but  also 
other  renewable  energy  sources  that  originate,  either  directly  or  indirectly,  from  the  sun. 
You  will  then  analyse  how  humans  have  exploited  these  energy  sources  and  you  will 
realize  the  importance  of  technological  enhancement  in  capturing  solar  energy  for  the 
future. 


To  begin,  read  the  first  two  paragraphs  on  page  372  in  your  textbook,  and  answer  the 
following  questions. 

1.  The  text  identifies  four  types  of  renewable  solar  energy  sources.  Copy  and  complete 
the  following  chart  by  answering  the  questions  in  each  column. 


Examples  of  the 
utilization  of  solar 
energy 

What  type  of  energy  is 
being  exploited  in  each 
exampie? 

Is  this  an  exampie  of  direct 
or  indirect  exploitation  of 
solar  energy? 

greenhouse 

windmill 

waterwheel 

fireplace  burning 
wood 

2.  Why  is  the  sun  considered  a renewable  energy  source? 


3.  Why  are  the  energies  from  the  wind,  water,  and  biomass  considered  solar  energy 
sources?  Explain. 


4.  How  much  of  the  solar  energy  reaching  Earth  is  exploited  by  the  technology  of 
humans? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  2. 


In  studying  these  four  types  of  solar  energy  sources  further,  you  will  first  study  the 
direct  exploitation  of  solar  energy. 

Historically,  the  constant  emission  of  radiant  solar  energy  has  been  captured  since  the 
earliest  times.  Primitive  humans  soon  realized  the  importance  of  the  sun  to  sustaining 
life  on  Earth,  and  it  is  no  wonder  that  many  cultures  included  the  sun  as  a god. 
Gradually  civilizations  realized  they  could  capture  the  energy  from  the  sun. 
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For  more  information  on  how  humans  have  used  solar  energy  in  the  past,  read 
pages  354  and  355  of  your  textbook  and  answer  the  following  question. 

5.  Match  the  civilization  or  the  inventor  with  the  technology  developed  to  directly 
harness  the  radiant  solar  energy. 

Technology  to  Harness  Energy  Civilization  or  Inventor 


built  homes  with  a southern 

i. 

Egyptians  (1000  b.c.) 

exposure  to  take  advantage  of 
solar  heating  in  winter  months 

ii. 

Greeks  (400  b.c.) 

built  temples  with  high  windows 

hi. 

Romans  (100  a.d.) 

to  trap  sunlight 

iv. 

Europeans  (1600  a.d.) 

revived  the  use  of  greenhouses 
to  trap  solar  heat  for  horticulture 

V. 

Saussure  (1770  a.d.) 

constructed  a '"hot  box"  to  cook 
food 

vi. 

Mouchot  (1861  A.D.) 

e.  patented  a solar  collector  to 
drive  a steam  engine 

f.  developed  a solar-heating 
technique  known  as  thermal 
storage 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  2. 


Today,  with  modern  technology,  many  of  the  ancient  techniques  to  capture  radiant  solar 
energy  are  being  applied. 


Read  the  bottom  half  of  page  372  and  pages  373  to  375  of  your  textbook  and  answer  the 
following  questions. 

6.  What  three  basic  functions  must  be  performed  by  any  technique  to  capture  solar 
energy? 

7.  Suppose  you  were  consulted  to  retrofit  a house  to  take  advantage  of  solar  energy  for 
the  heating  system.  Using  the  given  diagrams,  answer  the  following  questions, 
which  refer  to  the  two  types  of  heating  systems  discussed  in  your  reading. 
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a.  What  type  of  heating  system  is  pictured  in  Diagram  A and  Diagram  B? 


b.  Copy  and  complete  the  following  chart  by  answering  each  question  in  the 
appropriate  column. 


c.  Answer  the  following  questions  for  each  heating  system.  You  may  wish  to  put 
your  answer  in  chart  form. 

i.  How  is  the  radiant  energy  captured? 

ii.  How  is  the  radiant  energy  stored? 

iii.  How  is  energy  distributed? 
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8.  In  a short  paragraph,  discuss  the  process  involved  in  the  greenhouse  effect  in  the 
atmosphere  and  compare  this  to  passive  solar  heating  in  a house. 


Check  your  answers  by  turning  to  the  Appendix,  Section4:  Activity  2. 


Another  method  of  capturing  solar  energy  directly  is  to  use  photovoltaic  cells. 

Read  pages  376  and  377  of  your  textbook  and  answer  the  following  questions. 

9.  According  to  the  reading  in  Visions  3,  who  discovered  the  photoelectric  effect? 

10.  You  learned  that  solar  collectors  in  a house  convert  radiant  solar  energy  to  thermal 
or  heat  energy.  What  type  of  energy  do  photovoltaic  cells  convert  radiant  energy 
to? 

11.  Give  three  uses  of  photovoltaic  cells. 

12.  The  following  is  a schematic  diagram  of  a photovoltaic  cell. 


a.  Label  the  parts  of  the  cell. 

b.  How  are  the  silicon  layers  doped? 

c.  What  does  doping  do  to  the  silicon  layers? 

d.  What  is  created  between  the  silicon  layers? 

e.  What  happens  when  photons  of  EMR,  with  sufficient  energy,  strike  the  free 
electrons  in  the  silicon  layers? 
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f.  If  the  silicon  layers  become  charged  and  are  connected  to  an  external  circuit,  as 
shown,  what  is  the  direction  of  electron  flow? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  2. 


Photovoltaic  cells  can  be  used  to  convert  radiant  solar  energy  to  electric  energy.  In  the 
following  investigation  you  will  analyse  the  factors  that  affect  the  output  of  electric 
energy  by  a photovoltaic  cell. 

Investigation:  Photovoltaic  Cells 

Purpose 

You  will  investigate  some  factors  that  affect  the  electrical  output  of  a photovoltaic  cell. 

Materials 

• centimetre  ruler  • 2 connecting  leads  with  alligator  clips 

• multimeter  (Wavetek,  DM2XL)  • 1 pair  of  sunglasses 

• photovoltaic  cell  (200  mA,  2 W)  • green  and  blue  filters  (5  cm  x 8 cm) 

Procedure 

Step  1:  Place  the  photovoltaic  cell  facing  direct  sunlight. 

Step  2:  Connect  the  multimeter  to  measure  amperage  as  shown. 


photovoltaic  cell 


multimeter 


200  mA  the  appropriate  terminals. 


Make  sure  the  multimeter  is 
set  to  200  mA  and  that  the 
leads  are  connected  to 
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Step  3:  Make  a chart  like  the  one  in  the  Observations  section.  Record  the  value  of  the 
current  in  the  appropriate  column  in  the  chart. 

Step  4:  Place  a pair  of  sunglasses  between  the  photovoltaic  cell  and  the  sunlight  and 
record  the  amperage  as  before. 

Step  5:  Repeat  Step  4 with  green  and  blue  filters. 

Step  6:  Now  connect  the  multimeter  to  measure  voltage  as  shown. 


Make  sure  the  multimeter  is 
set  to  2 V and  that  the 
leads  are  connected  to 
the  appropriate  terminals. 


Step  7:  In  the  appropriate  column  in  your  chart,  record  the  value  of  the  voltage  when 
the  photovoltaic  cell  is  in  direct  sunlight. 

Step  8:  Repeat  Step  7 with  the  cell  shielded  by  the  sunglasses,  and  the  green  and  blue 
filters,  respectively.  Record  the  voltages  in  the  chart. 

Step  9:  Measure  the  length  and  width  of  the  surface  of  your  photovoltaic  cell  in 
centimetres. 

Step  10:  Calculate  the  top  surface  area  of  your  photovoltaic  cell  using  the  formula,  area 
equals  length  times  width.  Record  this  area  in  the  appropriate  column  in  your 
table. 

Observations 

13.  Copy  and  complete  the  following  table.  Remember  to  maintain  the  digits  in  your 
calculator  when  calculating  the  output  of  the  cell. 
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FACTORS  AFFECTING  POWER  OUTPUT  OF  A PHOTOVOLTAIC  CELL 

Factor 

Amperage  (/) 
(amps) 

Voltage  (V) 
(volts) 

Calculate  the 
Power  (P)  (watts) 
using  Ps  VI 

Surface  Area  (A) 
(cm2) 

Output  of  Coil  in 
W/cm2 
using  P/A 

Direct 

Sunlight 

Sunglasses 

Green  Filter 

Blue  Filter 

Analysis  and  Interpretation 


14.  According  to  your  results,  what  was  one  factor  that  affected  the  power  output  of  a 
photovoltaic  cell? 


15.  Suggest  another  factor  that  would  affect  the  output. 

16.  How  many  cells  would  be  required  to  produce  the 
necessary  120  V to  sufficiently  provide  a common 
house  with  electricity? 

17.  Where  would  the  use  of  photovoltaic  cells  be  most 
beneficial? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1;  Activity  2. 


Solar  collectors  and  photovoltaic  cells  are  examples  of  technologies  that  capture  the 
sun's  radiant  energy  directly  and  convert  it  to  some  other  form  of  useful  energy.  But  the 
energy  from  the  sun  can  also  be  captured  indirectly. 


■ Read  pages  381  to  385  of  your  textbook  and  answer  the  following  questions. 

18.  What  are  the  three  sources  of  energy,  described  in  the  text,  that  originate  indirectly 
from  the  sun? 
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The  following  diagram  depicts  how  one  of  these  sources  of  energy  (wind  energy) 
originates  and  how  it  can  be  converted  to  other  useful  forms  of  energy. 


19.  For  the  blanks  (a,  b,  c,  d,  and  e),  label  the  type  of  energy  involved  using  the 
following  terms. 

• electrical  energy 

• kinetic  energy 

• mechanical  energy 

• radiant  energy 

• thermal  energy 

20.  For  the  positions  labelled  A,  B,  C,  and  D,  describe  how  the  conversion  from  one 
form  of  energy  to  another  form  occurs. 

21.  Why  would  this  source  of  energy  be  beneficial  in  southern  Alberta? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  2. 
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The  following  diagram  depicts  how  another  indirect  source  of  solar  energy  (water 
energy)  originates  and  how  it  is  converted  to  other  forms  of  useful  energy. 


c 


a 


22.  In  the  blanks  (a,  b,  c,  d,  and  e),  label  the  type  of  energy  involved,  using  the 
following  terms. 

• electrical  energy 

• kinetic  energy 

• mechanical  energy 

• radiant  energy 

• thermal  energy 

23.  At  the  positions  labelled  A,  B,  C,  and  D,  describe  how  the  conversion  from  one  form 
of  energy  to  another  form  occurs. 

24.  Small-scale  hydro  generators  can  either  be  classified  as  small,  mini,  or  micro.  How 
much  energy  can  each  system  produce? 

25.  State  one  advantage  of  small-scale  hydro  generators. 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  2. 


\ 
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The  following  diagram  depicts  how  the  third  source  of  energy  (biomass  energy) 
originates. 


26.  Label  the  types  of  energy  involved  in  the  blanks  labelled  a,  b,  and  c,  using  the 
following  terms. 

• biomass  energy 

• radiant  energy 

• heat  energy 

27.  At  positions  labelled  A and  B,  describe  how  the  conversion  from  one  form  of  energy 
to  another  occurs. 

28.  What  are  three  ways  of  converting  biomass  energy  to  other  usable  forms  of  energy? 

29.  What  factor  most  likely  determines  which  form  of  indirect  solar  energy  (wind, 
water,  or  biomass)  might  have  the  greatest  potential  in  a given  location? 

30.  What  are  two  major  advantages  of  using  captured  solar  energy,  whether  it  is  direct 
or  indirect? 


1 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  2 


In  this  activity  you  have  studied  how  the  sun's  energy  can  be  captured,  either  directly  or 
indirectly,  and  converted  to  other  forms  of  usable  energy.  These  forms  of  energy  are  all 
classified  as  renewable  sources  of  energy.  In  the  next  activity,  you  will  study  how  the 
sun's  radiant  energy  is  transformed  into  non-renewable  sources  of  energy. 
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Activity  3:  Non-Renewable  Solar  Energy 
Sources 


Before  the  1 700s  After  the  1 700s 


6 

Gqs— 

= powered 

Pump  u 

b 

7 

7 .'h  ' 

The  two  illustrations  show  two  methods  of  pumping  water  from  the  ground  and, 
although  both  methods  are  equally  successful,  they  also  depict  one  significant 
difference.  What  is  the  difference?  What  event  in  the  1700s  caused  this  change  in 
technology?  Why  did  the  change  occur? 

The  answers  to  these  questions  will  be  the  aim  of  this  activity  in  which  you  will  identify 
other  forms  of  energy  that  initiate  from  solar  energy,  and  you  will  analyse  why  a change 
to  the  use  of  these  energy  sources  occurred. 

Read  the  first  paragraph  on  page  360  of  Visions  3 and  answer  the  following  questions. 

1.  Before  the  1700s,  what  type  of  energy  source  was  commonly  used? 

2.  What  event,  which  occurred  in  the  1700s,  initiated  a change  in  the  type  of  energy 
source  used  by  humans? 

3.  What  type  of  energy  source  became  predominant  after  the  1700s? 

4.  Why  was  it  necessary  to  change  to  these  non-renewable  energy  sources? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


Now,  read  Photosynthesis  Converts  Solar  Energy  to  Other  Useable  Forms  on  pages  362 
and  the  top  of  page  363  in  your  textbook  and  answer  the  following  questions. 

5.  As  you  can  see,  the  1700s  signalled  the  emergence  of  society's  reliance  on  fossil  fuels 
such  as  coal,  oil,  and  gas — all  non-renewable  sources  of  energy.  How  are  these 
sources  of  energy  related  to  solar  energy? 
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heat  content  or 
enthalpy  (H)  - 

the  total  amount 
of  energy 
contained  by  a 
substance  under 
certain  conditions 


6.  a.  What  is  the  name  of  the  process  through  which  solar  energy  was  converted  to 
stored  chemical  potential  energy  millions  of  years  ago? 

b.  Give  the  equation  for  this  process. 

c.  The  conditions  for  the  eventual  formation  of  coal  or  oil  and  gas  from  the 
products  of  photosynthesis  were  quite  different,  yet  similar  in  some  aspects. 

i.  What  was  the  major  difference  between  the  formation  of  coal  versus  the 
formation  of  oil  and  gas? 

ii.  What  are  four  similarities  required  for  the  formation  of  all  fossil  fuels? 

d.  How  can  this  stored  chemical  potential  energy  in  fossil  fuels  be  released? 

e.  What  type  of  energy  is  usually  released? 

f . How  is  this  released  energy  being  used  by  humans? 

\ Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


In  order  to  exploit  these  energy  sources  in  the  various  technologies,  it  was  necessary  to 
develop  a method  of  determining  the  amount  of  energy  that  can  be  liberated  by  the 
combustion  reactions  of  different  fossil  fuels.  This  required  being  able  to  measure  the 
heat  content  or  enthalpy  of  a substance.  The  heat  content  can  be  measured  both 
mathematically  and  experimentally. 

Method  I:  Determining  the  Heat  Energy  Mathematicaiiy 

Carefully  read  pages  363  to  365  of  your  textbook  and  answer  the  following  questions. 

7.  Which  law  allows  you  to  measure  the  amount  of  energy  in  a substance?  What  does 
this  law  state? 

Because  every  chemical  contains  a different  amount  of  energy  under  different 
conditions,  it  was  necessary  to  choose  a specific  point  of  reference  at  which  a chemical 
substance  is  most  stable.  This  reference  point  is  at  25°C  and  1 atmosphere  of  pressure 
and  is  called  the  standard  conditions. 

8.  What  symbol  is  used  to  denote  standard  conditions? 

9.  What  would  H ° mean? 
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heat  of 
formation 

AH^  - the 
energy  released 
or  absorbed 
during  a 

chemical  reaction 
in  which  a 
chemical 
compound  is 
formed 

exothermic 
reaction  - a 

reaction  in  which 
the  energy 
content  of  the 
final  products  is 
less  than  the 
energy  content  of 
the  initial 
reactants,  thus 
energy  is 
released 

endothermic 
reaction  - a 

reaction  in  which 
the  energy 
content  of  the 
final  products  is 
more  than  the 
energy  contents 
of  the  initial 
reactants,  thus 
energy  is 
absorbed 


10.  Can  the  energy  in  a chemical  substance  be  measured  directly? 

11.  How  can  this  energy  be  measured? 

Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


Even  though  the  heat  content  (H°),  under  standard  conditions,  of  chemical  substances 
like  carbon  or  oxygen  cannot  be  determined,  when  these  two  chemical  substances  react 
in  a chemical  reaction,  energy  is  either  released  or  absorbed  and  this  energy  change  can 
be  measured. 

Example 

1 moleC^g^  + 1 moleO^^gi  ^1  mole  CO + 393.5  kj  of  energy /mole 

Remember,  a mole  is  the  mass  in  grams  of  6.02  x 10  atoms  or  molecules  of  the 
substance.  Energy  or  heat  energy  is  measured  in  joules  (J)  and  1 kJ  = 1000  J. 

Since  you  have  formed  a chemical  compound  CO  ^ ^ ^ ^ the  energy  released  as  heat  is 

called  the  heat  of  formation,  AH  ^ . Reactions  in  which  a compound  decomposes  into 
elements  is  called  a decomposition  reaction.  The  energy  required  in  the  form  of  heat  is 
called  the  heat  of  reaction,  AH  °. 

12.  The  following  are  two  examples  of  chemical  reactions.  Use  the  information  to 
answer  the  questions  that  follow. 


Reaction  1:  -e2H,0 

ah;  =-241.8^ 

Reaction  2:  2H,0,g,  ^ 2H,,g,  + 0„g, 

AH,  =241.8^ 

Remember,  the  A symbol  means  a change  in  a quantity. 

AH  means  a change  in  heat  energy. 

a.  Is  the  chemical  reaction  in  Reaction  1 a formation  reaction  or  a decomposition 
reaction? 

b.  Is  Reaction  1 exothermic  or  endothermic?  Explain. 

c.  How  many  moles  of  H 2 O were  formed  in  Reaction  1? 
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d.  What  is  the  total  energy  released  in  Reaction  1? 

e.  How  much  heat  would  be  released  if  you  produced  10.0  g of  H ^ O 

f.  Is  the  chemical  reaction  in  Reaction  2 a formation  reaction  or  a decomposition 
reaction? 

g.  Is  Reaction  2 exothermic  or  endothermic?  Explain. 

h.  How  many  moles  of  H ^ O decomposed  into  the  elements  oxygen  and 
hydrogen  in  Reaction  2? 

i.  What  is  the  total  energy  absorbed  in  Reaction  2? 

Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


Note:  The  heats  of  formation,  AH  ^ , for  many  selected  compounds  are  recorded  in 
Table  D.6  in  Appendix  D on  page  491  of  Visions  3. 

Using  these  values  of  AH  ^ for  selected  compounds,  the  heat  energy  exchange  for  a 
chemical  reaction  between  any  chemical  substances  can  be  determined  by  using  the 
following  equation. 


heat  of  reaction 

AH°  - the 
energy  released 
or  absorbed 
during  a 

chemical  reaction 
of  chemical 
substances 
under  standard 
conditions 


ah;=zah’ 


products ) 


change  in  heat  energy 
during  a chemical  reaction 

in  called  the  heat  of 
the  reaction  (This  energy 
may  be  released  or 
absorbed.) 


the  sum  of  all  the  heats 
of  formation  of  all  the 
chemical  compounds 
produced  after  a 

reaction,  in 

' mol 


the  sum  of  all  the  heats  of 
formation  of  all  the  chemical 
compounds  required  to 

produce  a reaction,  in  ^ 


13.  a.  What  happens  if  y AH  ° , is  greater  than  Y AH  ° 

^ ^ ^ f ( products ) ^ f ( reactants 

b.  What  is  this  chemical  reaction  called? 


c.  Where  does  this  energy  come  from? 
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14.  a.  What  happens  if  V \ , is  less  than  Y AH° 

^ f ( products ) f ( reactants 

b.  What  is  this  chemical  reaction  called? 

c.  What  happens  to  this  excess  energy? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


The  energy  transfer  during  a chemical  reaction,  AH  can  be  mathematically  calculated 
using  the  following  procedure. 

Example:  How  much  heat  energy,  AH^,  would  be  released  in  the  combustion  of  1 mole 
of  glucose,  C ^ H ^2  O 6(g),  in  a respiration  reaction? 

Solution 


Step  1:  Write  a balanced  equation  of  the  chemical  reaction. 

Because  the  respiration  reaction  is  the  opposite  of  photosynthesis,  the  reaction  is 
as  follows. 


C.H.2O  . . + 60  , . ^ 6 CO  , . + 6H2O,  . 

6 12  6(s)  2(g)  2(g)  2(1) 

Step  2:  Substitute  the  products  and  the  reactants  into  the  equation.  Watch  out  for 
numerical  prefixes! 


ah;  = iah 


f ( products ) 


iah; 


( reactants ) 


.'t 


AH.  =AHj6C02(g)  + 6H20(() 


the  sum  of  the  A H ^ 
of  the  products 


-AH.  , + 60,,  . 

f I 6 12  6(s)  2(g, 


the  sum  of  the  A H ; 
of  the  reactants 


Step  3:  Using  the  values  of  AH  ° for  the  different  compounds  from  Table  D.6  in 

Appendix  D of  Visions  3,  substitute  these  values  into  the  preceding  equation. 
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AH>[6mol(-393.5i)  + 6mol(-285.8^)]-[lmol(-1273.3^)  + 6mol(0^)] 
Note:  The  A H ° for  an  element  is  zero  kj. 

Step  4:  Solve  the  equation. 


AH:=(-4075.8i)-(-1273.3^ 
= -4075.8^  + 1273.3^ 


-2802.5^ 


The  enthalpy  change  for  the  respiration  of  glucose  is  -2802.5-^. 

Note:  The  negative  sign  means  the  reaction  will  release  energy  and  is  exothermic. 
Use  the  preceding  procedure  to  answer  the  following  question. 


15.  Do  Textbook  question  l.a.  from  the  Problem  section  on  page  369  of  your  textbook. 
Assume  H ^ O is  produced. 


" Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


The  heat  produced  or  required  during  a chemical  reaction  involving  fossil  fuels  can  be 
determined  mathematically  as  previously  shown.  Another  method  of  determining  the 
heat  energy  is  to  do  an  experiment. 


Method  II:  Determining  the  Heat  Energy  Experimentally 


Investigation:  Determining  the  Heat  Produced  by  a Fuel 


Purpose 

You  will  determine  how  much  heat  is  produced  by  the  combustion  reaction  of  a fuel  and 
compare  this  value  to  the  heat  of  combustion  calculated  for  that  fuel  from  given  values 
for  the  heat  of  formation. 

\ PATHWAYS  V y ^ 

If  you  have  access  to  a laboratory,  then  do  Part  A.  If  you  do  not  have  access  to  a 
laboratory,  then  do  Part  B. 


21 


Science  30:  Module  8 


Part  A 

Materials 

• matches 

• candle 

• balance 

• 100  g of  chilled  water 

(at  10-15°C  below  room  temperature) 


Procedure 


• 150  mL  beaker 

• retort  stand  and  clamp 

• thermometer  and  clamp 

• stirring  rod 


Step  1:  Place  the  empty  beaker  on  the  balance.  (Note  the  mass  of  the  beaker.) 

Step  2:  Slowly  add  water  until  the  mass  of  water  added  is  exactly  100.0  g. 

Step  3:  Make  a chart  like  the  one  in  the  Observations  section  and  record  the  mass  of 
water  added  in  the  appropriate  column. 

Step  4:  Using  the  balance,  measure  the  initial  mass  (m . ) of  the  candle  and  record  this 
value  in  the  appropriate  column  in  your  chart. 

Step  5:  Using  the  thermometer,  measure  the  initial  temperature  (T^ ) of  the  water  and 
record  this  value  in  the  appropriate  column  in  your  chart. 

Step  6:  Set  up  your  apparatus  as  shown  in  the  following  diagram. 
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Step  7:  Light  your  candle  and  let  it  heat  your  water  until  the  temperature  rises  10.0°C. 
(You  are  working  with  an  open  flame,  so  be  careful.) 

Step  8:  Blow  out  the  candle  and  immediately  record  the  final  temperature  (T^)  of  the 
water  in  your  chart. 


Step  9:  Wait  until  the  candle  cools  and  solidifies;  then  measure  the  final  mass  of  the 
candle  (m  ^ ) and  record  this  value  in  your  chart. 


Observations 


16.  Record  your  observations  by  completing  a chart  similar  to  the  following. 


Initial  Mass  of 
Candle  m.  (g) 

» ,Ji: 

Final  Mass  of 
Candle  m,  (g) 

Mass  of 
Water  (m^) 

Initial  Temperature 
ofH,0„(»C) 

Final  Temperature 
ofH,o<„r,(»c) 

• Now  proceed  to  the  Analysis  and  Interpretation  section. 


PartB 

If  you  do  not  have  access  to  a laboratory,  use  the  sample  results  given  in  your  Appendix 
for  question  16. 

• Now  proceed  to  the  Analysis  and  Interpretation  section. 


Analysis  and  Interpretation 


17.  Copy  and  complete  a chart  like  the  following  to  calculate  the  heat  produced  by  the 
candle  (fuel). 


CALCULATING  THE  HEAT  PRODUCED  BY  A CANDLE 

Calculated 
temperature 
change  of  water 

Ar  = r,  -fj 

Mass  of  water 
added  to 
beaker  (g) 

Specific  heat 

capacity  (c)  j for 

water  from  page  370 
of  your  textbook 

Calculated  heat 
provided  by 
candle  using 

AH  = mcAT 
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Use  the  equation: 


Heat  (J) 


AH  = me  AT 


temperature 
change  (C°) 

specific  heat  capacity 


mass  of  of  substances  | j 
substance  (g)  \ s / 


Remember,  AH  . =AH,  , 

' gain  lost 

(by  water)  (by  candle) 


18.  Calculate  the  mass  of  paraffin  candle  burned  using  the  results  from  the  chart  in 
question  16. 

19.  If  the  molar  mass  of  paraffin  candle  (C  25  H 52 ) is  352.8  g/mole,  calculate  the  number 
of  moles  of  paraffin  candle  burned. 

20.  Calculate  the  molar  heat  of  combustion  of  paraffin. 


21.  Calculate  the  molar  heat  of  combustion  of  paraffin  using  the  heats  of  formation  on 
page  491  of  Visions  3 if  the  balanced  equation  is  as  follows. 

Ca5H3,„)  +26H,0,„ 

Compare  this  calculated  value  to  the  value  you  calculated  from  your  investigation 
in  question  20. 


22.  Explain  why  there  is  such  a large  difference  between  the  experimental  value  and 
the  calculated  value. 


Synthesis 


23.  Based  on  the  table  on  page  491,  which  fuel  would  have  been  most  efficient  in 
heating  the  water,  coal,  methanol,  or  paraffin?  Explain  why. 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Activity  3. 


In  this  activity  you  have  studied  how  solar  energy  is  captured  and  stored  in  fossil  fuels 
as  a non-renewable  source  of  energy.  You  were  also  able  to  identify  how  this  energy  can 
be  released  from  the  fossil  fuels  and  analyse  how  the  amount  of  energy  released  could  be 
determined  either  mathematically  or  experimentally. 
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Follow-up  Activities 

If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is  recommended 
that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of  the  concepts,  it  is 
recommended  that  you  do  the  Enrichment. 

Extra  Help 


In  this  section  you  studied  renewable  and  non-renewable  sources  of  solar  energy. 

1.  What  is  the  major  difference  between  a renewable  and  a non-renewable  energy 
source? 

2.  Classify  the  following  sources  of  energy  as  either  renewable  or  non-renewable. 

a.  solar 

b.  wind 

c.  water 

d.  biomass 

e.  coal 

f.  oil 

g.  natural  gas 

3.  State  whether  the  following  are  direct  or  indirect  uses  of  solar  energy. 

a.  photocell 

b.  wood-burning  stove 

c.  gas  operated  machine 

d.  passive  solar  heating  system 

4.  Define  each  of  the  following  symbols. 


a. 

H 

b. 

H 

c. 

ah; 

d. 

ah; 

5.  What  reactant  is  necessary  for  the  combustion  of  any  fuel  and  what  products  are 
always  formed? 


Check  your  answers  by  turning  to  the  Appendix,  Section  1:  Extra  Help. 
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Enrichment 


Do  question  1 and  any  one  of  questions  2,  3,  or  4. 

1.  Calculate  the  heat  of  combustion  of  10.0  g of  cyclohexane  C ^ H 

2.  Design  energy  systems  for  home  use  that  would  use  only  renewable  solar  energy 
sources. 

3.  Imagine  you  were  to  devise  the  energy  system  for  a manufacturing  plant  on  the  flat, 
dry,  barren  tundra  in  Canada's  Arctic.  Could  you  use  a renewable  solar  energy 
source  as  your  energy  supply? 

4.  Visit  a solar  energy  home  and  analyse  its  design.  Write  a report  on  what  you 
observed  and  your  analysis  of  the  design. 


Checkyouranswersby  turning  to  the  Appendix,  Section  1:  Enrichment. 


Conclusion 


In  this  section  you  have  studied  renewable  and  non-renewable  sources  of  solar  energy. 
In  the  next  section  you  will  study  other  sources  of  renewable  and  non-renewable  energy 
that  are  not  related  to  the  sun. 


ASSIGNMENT 


Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  1. 

i— ds : 1, I : ii 
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Section 


Non-Solar  Energy 
Sources 


Image  of  Candu  3 nuclear  generating  station  as  produced  by  computer  aided  design  system. 
CANADIAN  NUCLEAR  ASSOCIATION 


Imagine  driving  along  a highway  in  southern  Ontario  and  observing  in  the  distance 
what  appears  to  be  a huge  electrical  power  plant.  Assuming  that  you  are  just 
approaching  another  gigantic  hydro-electric  project,  you  continue  along  your  journey, 
relaxed  and  in  awe  of  the  beautiful  countryside. 

But,  as  you  approach  nearer,  the  signs  along  the  highway  indicate  that  you  are 
approaching  a nuclear  generating  project.  Your  first  reaction  is  to  wonder  if  it  is  safe  to 
drive  so  near  to  the  project. 

This  reaction  is  very  common  because  the  images  of  nuclear  power,  as  a source  of 
energy,  are  clouded  with  the  Chernobyl  and  the  Three-Mile  Island  disasters.  Yet, 
nuclear  power  is  not  new.  This  nuclear  process  is  the  source  of  energy  from  the  sun  and 
from  within  Earth  itself,  and  has  been  around  for  millions  of  years.  Humans  are  just 
beginning  to  realize  its  potential  in  their  attempts  to  harness  this  source  of  energy. 

In  this  section  you  will  identify  other  types  of  energy  sources  that  do  not  originate  from 
the  sun.  After  analysing  each  type  of  energy  source,  it  is  hoped  that  the  myths 
surrounding  these  sources  will  dissipate  and  that  you  will  gain  an  understanding  of  the 
importance  of  the  exploitation  of  these  new  energy  sources  to  the  future  of  society. 
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Activity  1:  Nuclear  Energy 


Did  you  know  that  the  energy  available  from  23  kg  of  uranium  is  about  the  same  as  the 
energy  from  400  t of  coal  or  270  000  L of  oil?  How  is  it  possible  for  such  a small  amount 
of  matter  to  produce  so  much  energy? 

The  answer  to  the  preceding  question  involves  the  process  of  nuclear  reactions. 

Although  the  nucleus  of  an  atom  is  a complicated  structure,  which  is  not  yet  fully 
understood,  years  of  research  and  experimentation  have  provided  a wealth  of 
information  about  the  nucleus. 

In  this  activity  you  will  first  analyse  why  scientists  initially  began  to  probe  for  the  secrets 
of  the  nucleus.  Then,  you  will  see  how  an  understanding  of  the  nucleus  and  the 
reactions  within  the  nucleus  led  to  a discovery  of  nuclear  energy. 

The  study  of  nuclear  energy  begins  with  the  discovery  of  radioactivity.  Begin  by 
reading  the  bottom  half  of  page  393  to  the  end  of  the  first  paragraph  on  page  394  of 
Visions  3 and  answer  the  following  questions. 

1.  Define  nuclear  energy. 

2.  How  is  nuclear  energy  released? 

3.  What  are  elements  that  release  nuclear  energy  called? 

4.  What  are  the  emitted  rays  or  particles  called? 

5.  There  are  three  types  of  changes  or  reactions  in  the  atom  that  will  result  in  the 
release  of  energy.  Use  the  information  on  page  393  and  Table  12.2  on  page  400  to 
make  and  complete  a chart  like  the  following. 


COMPARISON  OF  REACTIONS 

Type  of 
Reaction 

What  part  of  the 
atom  is  the  reaction 
occurring  in? 

What  is  changed  in 
the  atom  after  the 
« reaction? 

How  much  energy  is 
released  in  each 
reaction? 

Phase 

Change 

Reaction 

Chemical 

Reaction 

Nuclear 

Reaction 
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6.  List  four  uses  of  nuclear  energy. 

7.  Identify  three  types  of  nuclear  reactions. 


Surprisingly,  radiation  is  a natural  phenomenon  that  has  been  part  of  human  experience 
since  the  beginning  of  time.  However,  because  human  senses  cannot  detect  radiation,  it 
is  only  in  the  last  hundred  years  that  the  proper  technology  has  been  developed  to  study 
it. 


In  the  next  part  of  the  activity  you  will  learn  about  the  discovery  of  radioactivity  by 
examining  a number  of  short  programs  from  the  video  series  called  Nuclear  Physics, 
TVOntario,  ACCESS  Network. 


Familiarize  yourself  with  the  following  questions  about  the  main  ideas  from  the  video 
program  called  The  Discovery  of  Radioactivity . You  will  have  to  stop  the  tape  periodically 
so  that  you  can  answer  the  questions.  You  may  be  able  to  obtain  this  video  from  your 
school  or  local  library  or  you  may  purchase  it  from  the  Learning  Resources  Distributing 
Centre. 


8.  Faraday  discovered  that  if  a tube  containing  two  high-voltage  electrodes  was 
evacuated,  a mysterious  glow  appeared  opposite  the  negative  electrode.  What 
name  was  given  to  these  mysterious  emissions? 

9.  What  properties  were  demonstrated  by  the  rays  discovered  by  Faraday? 

10.  Roentgen  also  discovered  a new  type  of  ray  emitted  by  a high-voltage  tube.  Copy 
the  following  headings  into  your  notebook.  Be  sure  to  leave  enough  space  for  your 
answers.  Compare  the  rays  discovered  by  Roentgen  with  those  discovered  by 
Faraday  by  completing  the  chart. 


Faraday’s  Rays 

Roentgen’s  Rays 

Name  of  Rays 

Could  the  rays  be 
bent  by  electric  or 
magnetic  fields? 

Were  these  rays 
nuclear  radiation? 

11.  Henri  Becquerel  studied  materials  that  are  fluorescent  (they  emit  visible  light  when 
exposed  to  sunlight).  What  was  the  original  purpose  of  his  experiment? 
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12.  Becquerel's  experiment  eventually  led  him  to  test  a piece  of  rock  containing 
uranium.  At  first  he  thought  that  the  rock  was  emitting  x-rays,  but  he  later 
discovered  that  the  rock  was  emitting  something  different.  What  was  the  main 
difference  between  Becquerel  rays  and  x-rays? 

13.  Marie  Curie  discovered  that  thorium,  polonium,  and  radium  also  emit  Becquerel 
rays.  What  name  did  she  give  to  the  ability  of  substances  to  spontaneously  produce 
radiation? 

When  the  program  ends,  stop  the  tape. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1. 


The  next  program  outlines  how  the  properties  of  Becquerel  rays  were  discovered. 
Familiarize  yourself  with  the  following  questions  about  the  main  ideas  from  the 
program  called  The  Properties  of  Becquerel  Rays.  You  will  have  to  stop  the  tape 
periodically  so  that  you  can  answer  the  questions.  You  may  be  able  to  obtain  this  video 
from  your  school  or  local  library  or  you  may  purchase  it  from  the  Learning  Resources 
Distributing  Centre. 


14.  Using  a device  designed  by  the  Curies,  Rutherford  studied  the  ability  of  Becquerel 
rays  to  penetrate  sheets  of  aluminum  foil.  What  did  Rutherford  observe  and  what 
did  he  conclude  from  these  observations  about  Becquerel  rays? 


15.  Once  gamma  rays  were  discovered,  much  experimentation  was  done  to  determine 
the  properties  of  the  three  types  of  radiation.  The  following  diagram  represents 
some  of  these  results.  Copy  this  diagram  into  your  notebook.  Be  sure  to  leave 
enough  space  to  record  your  answers.  Complete  the  diagram  by  labelling  the  three 
types  of  radiation  shown. 


radioactive 

substance 
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16.  Use  principles  from  earlier  in  the  course  to  explain  why  the  three  types  of  radiation 
travel  along  the  paths  indicated  in  the  preceding  diagram. 

17.  Copy  the  following  headings  into  your  notebook.  Complete  the  comparison  chart 
for  the  three  types  of  radiation.  You  will  have  to  adjust  the  size  of  your  chart 
according  to  the  length  of  your  answers. 


COMPARING  THREE  TYPES  OF  RADIATION 

..'i  c ,.4^'  '4'  * 

Alpha 

Gamma 

TyDe  Of  Particle 

, Relative  Mass 

'fete.,..  i ; 

Penetrating  Ability 

Description  and 
Explanation  of  Cloud 
Chamber  Tracks 

When  the  program  ends,  stop  the  tape. 


’mr 


\ Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activitv  1. 


You  now  know  what  the  three  types  of  radiation  are  and  how  they  behave.  Why  do 
they  occur?  You  will  learn  the  answer  to  this  question  in  the  next  video  program. 


Familiarize  yourself  with  the  following  questions  about  the  main  ideas  from  the  video 
program  called  Natural  Transmutations.  You  will  have  to  stop  the  program  periodically 
so  that  you  can  answer  the  questions.  You  may  be  able  to  obtain  this  video  from  your 
school  or  local  library  or  you  can  purchase  it  from  the  Learning  Resources  Distributing 
Centre. 


18.  What  does  the  term  transmutation  mean? 

19.  What  particle  determines  the  identity  of  an  atom? 

20.  Which  particle  can  vary  in  number,  forming  isotopes  of  an  element? 

21.  Label  the  notations  for  protons  and  neutrons  in  the  symbol  for  lithium. 

22.  What  is  the  main  difference  between  a chemical  reaction  and  radioactive  decay? 
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23.  The  three  basic  types  of  radioactive  decay  are  alpha  decay,  beta  decay,  and  gamma 
decay.  Copy  the  following  diagrams  into  your  notebook.  Be  sure  to  leave  enough 
space  to  record  your  answers.  Complete  the  diagrams  by  adding  the  necessary 
labels  to  each  of  the  diagrams  to  illustrate  each  type  of  radioactive  decay. 


When  the  program  ends,  stop  the  tape. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1. 
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strong  nuclear 
force  - a short- 
range  force  that 
attracts  the 
nucleons  to  hold 
the  nucleus 
together 


Now  that  you  have  identified  three  different  types  of  radioactive  decay,  it  is  also 
important  to  know  why  the  decay  occurs.  Read  pages  394  and  395  of  Visions  3 and 
answer  the  following  questions. 

24.  What  is  a stable  nucleus? 


How  is  it  possible  to  bring  protons  together  in  the  nucleus  of  an  atom?  Since  protons  are 
both  positive,  shouldn't  they  repel  each  other?  Shouldn't  the  force  of  electric  repulsion 
push  them  apart? 

The  fact  that  the  protons  in  a nucleus  don't  fly  apart  has  led  to  the  conclusion  that  some 
other  force  is  at  work  within  the  nucleus.  Since  this  force  is  stronger  than  the  force  of 
electric  repulsion,  it  is  called  the  strong  nuclear  force.  The  strong  nuclear  force  is  an 
attractive  force  that  holds  protons  together  and  is  also  thought  to  be  responsible  for 
holding  the  neutrons  together. 

25.  Does  the  strong  nuclear  force  between  two  protons  act  differently  than  it  does 
between  two  neutrons? 


26.  The  strong  nuclear  force  is  sometimes  referred  to  as  a short-range  force.  Explain 
why. 

27.  Explain  why  a large  nucleus  may  not  be  as  stable  as  a smaller  nucleus. 

28.  What  type  of  nuclear  force  can  neutrons  exert? 

29.  What  is  the  role  of  neutrons  in  a nucleus? 

30.  In  terms  of  number  of  protons,  which  elements  in  the  periodic  table  tend  to  be 
unstable? 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1. 


So  far  you  have  studied  why  nuclei  decay  and  you  have  represented  radioactive  decay 
by  drawing  pictures.  Another  way  to  represent  radioactive  decay  is  to  write  equations 
that  describe  the  reaction  that  is  taking  place.  To  learn  how  these  equations  can  be  used, 
read  from  the  top  of  page  399  to  the  top  of  page  400  in  your  textbook.  Be  sure  to 
carefully  study  the  Example  Problems  that  are  provided. 


31.  Do  Problems  1 and  2 on  page  400  of  your  textbook. 


Check  your  answers  by  turning  to  the  Appendix* Section  2:  Activity  1 . # 
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fission  - 

complex  nuclei 
break  apart  into 
smaller 

components  and 
release  energy 


As  scientists  began  to  study  these  nuclear  reactions  more  closely,  they  began  to  realize  a 
startling  fact.  The  total  mass  of  the  products  in  a nuclear  reaction  does  not  equal  the 
total  mass  of  the  reactants.  Has  the  law  of  conservation  of  mass,  which  states  that  mass 
cannot  be  created  nor  destroyed,  been  contradicted? 

In  1905,  this  problem  was  solved  by  a young,  energetic  scientist,  Albert  Einstein,  when 
he  proposed  a relationship  between  mass  and  energy  that  could  explain  this  loss  in 
mass. 


The  main  idea  behind  the  loss  in  mass  and  the  energy  that  is  released  through  a nuclear 
reaction  is  that  mass  and  energy  are  really  just  two  different  forms  of  the  same  thing. 
Albert  Einstein  expressed  this  idea  in  his  most  famous  equation. 


Energy  equivalent  (energy 
that  is  released  from  the  _ 
conversion  of  the  change  in 
mass)  in  joules,  (J) 

Change  in  mass  (amount  of 
mass  in  kilograms,  kg  that  is 
converted  into  energy) 


-E  = mci 


Speed  of  light  squared 
c = 3.00  X 10^  m/s 
=9.00x10'*’  /s^ 


One  thing  that  immediately  becomes  evident  is  that  the  exceptionally  large  value  of 
means  that  small  amounts  of  mass  can  be  converted  into  huge  amounts  of  energy. 
Consider  the  following  example  that  gives  the  energy  produced  from  the  fission  of  one 
uranium  235  atom. 


Example 


The  fission  of  one  uranium  235  atom  causes  4.2  x 10  kg  of  mass  to  be  converted  into 
energy.  Calculate  the  energy  that  is  released. 

E = mc^ 

= (4.2xl0'^®  kg)(3.00xl0®  m/s)^ 

= 3.8x10“"  J 


This  amount  of  energy  may  seem  small,  but  remember  that  it  is  produced  by  just  one 
atom  of  uranium  235.  Consider  the  result  if  only  1 mol,  or  235  g,  of  these  atoms 
underwent  fission. 

E = ( energy  released  per  atom ) x ( number  of  atoms  in  1 mol ) 

= 1 3.8  X 10  J / atom  j x 1 6.022  x 10  atoms  j 

= 2.3x10^^  J 
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This  is  a huge  amount  of  energy  from  a small  amount  of  uranium.  It  is  important  to 
realize  that  although  only  about  0.1%,  or  0.25  g,  of  the  uranium  235  sample  was  actually 
converted  into  energy,  the  energy  released  was  tremendous.  The  following  comparison 
may  help  you  understand  how  much  energy  this  is. 

One  mole  (235  g)  of  U undergoing  fission  releases  2.3  x 10  J of  energy.  This  is 
equivalent  to  the  amount  of  energy  released  by  exploding  4|  kt  of  TNT. 

Energy  from  an  Unstable  Nucleus 

In  the  previous  example,  the  mass  of  the  reaction  products  is  less  than  the  mass  of  the 
initial  reactants.  This  is  always  the  case  for  an  unstable  nucleus.  Mass  is  converted  into 
energy  that  is  released  during  radioactive  decay. 

32.  When  carbon  14  | C j decays  to  nitrogen  14  ( N j,  the  total  mass  of  the  initial 
reactants  is  2.325  28  x 10“^^  kg,  while  the  mass  of  the  final  products  is 

2.325  26x10“''  kg. 

a.  Calculate  the  energy  that  would  be  released  from  this  decay. 

b.  What  type  of  radiation  is  emitted  in  this  case?  Explain  your  answer. 

33.  Cobalt  60  ( '7  Co ) emits  a gamma  ray  with  an  energy  of  2.13  x 10  J . Calculate 
the  equivalent  mass  that  was  converted  to  create  the  gamma  radiation. 

34.  Neon  23  ( Ne  j has  a mass  of  3.818  32  x 10  kg  and  it  decays  to  sodium  23 
( Na),  which  has  a mass  of  3.817  53  x 10""  kg. 

a.  Calculate  the  energy  that  is  released  from  this  decay. 

b.  What  type  of  radiation  is  emitted  in  this  case?  Explain  your  answer. 


Check  your  answers  by  turning  to  the  Appendix;  Section  2:  Activity  1 


The  ability  to  split  the  atom  into  two  new  nuclei,  with  the  release  of  tremendous 
amounts  of  energy,  intrigued  scientists,  and  the  inevitable  question  arose:  "'Could 
nuclear  fission  be  induced  artificially?" 
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■ Read  pages  404  to  409  of  your  textbook  and  answer  the  following  questions. 

35.  Who  led  the  scientific  team  in  the  first  attempt  to  split  the  atom? 

36.  What  atomic  particle  did  they  use  to  bombard  a nucleus  of  U and  cause  nuclear 
fission? 


37.  The  nuclear  reaction  for  the  fission  of  U can  be  written  as 


92^  U + Q n ^ + N2  + neutrons 


a.  What  are  N ^ and  N ^ called? 

b.  Using  the  diagram  on  page  405  of  your  textbook,  complete  the  nuclear  reaction 
equation  for  the  fission  of  U. 

c.  In  the  reaction,  additional  neutrons  are  formed.  What  are  these  neutrons 
capable  of  doing? 

d.  What  is  this  resulting  reaction  called? 


38.  Do  textbook  question  2.a.  on  page  407  of  your  textbook.  (Study  the  examples  on 
page  406.) 


Check  your  answers  by  turning  to 
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The  fission  reaction  produced  artificially  can  be  controlled  or  uncontrolled. 


39.  What  is  one  example  of  an  uncontrolled  fission  reaction? 

40.  a.  What  is  one  example  of  a controlled  fission  reaction? 

b.  Describe  how  the  energy  released  during  nuclear  fission  in  a reactor  is  used. 


One  such  nuclear  reactor  is  a CANDU  reactor.  The  CANDU  reactor  is  similar  to 
all  other  nuclear  reactors  in  the  world  in  that  it  has  five  basic  components. 
Identify  the  five  components  using  the  diagram  on  page  408  of  Visions  3,  and  in 
a brief  statement  explain  the  function  of  each.  You  may  want  to  put  your 
components  and  functions  in  chart  form. 
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mass  defect  - 

the  difference 
between  the 
mass  of  a 
nucleus  and  the 
mass  of  its 
component  parts 


The  following  photographs  show  the  reactor  core  of  a Canadian  nuclear  reactor  being 
refuelled  on  the  left  and  the  large  concrete  canisters  which  are  used  to  store  used 
radioactive  fuel  bundles  for  long  periods  of  time  on  the  right. 


CANADIAN  NUCLEAR  ASSOCIATION 


OANADIAN  NUCLEAR  ASSOCIATION 


The  ultimate  aim  of  a nuclear  fission  reactor  is  to  provide  the  energy  necessary  to  boil 
water  to  produce  steam  which  can  turn  the  turbines  of  a generator  and  produce 
electricity. 

41.  Although  water  can  also  be  boiled  using  oil,  natural  gas,  or  coal,  as  in  conventional 
thermal  power  plants,  what  is  the  advantage  of  using  nuclear  energy  instead? 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1. 


Energy  Considerations  in  a Stable  Nucleus 

The  previous  questions  illustrate  the  situation  that  occurs  when  an  unstable  nucleus 
spontaneously  converts  mass  into  energy,  resulting  in  radioactive  decay  or  fission. 

When  the  nucleus  is  stable,  it  is  the  reverse  concept  that  applies.  The  mass  of  the  stable 
nucleus  is  less  than  the  mass  of  the  component  parts.  The  difference  in  the  two  masses  is 
called  the  mass  defect.  The  resulting  energy  from  this  loss  in  mass  is  released  as 
radiation  when  the  nucleus  forms. 
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Example 

Use  the  following  data  to  calculate  the  mass  defect  and  the  corresponding  energy  that  is 
released  when  a helium  | ^ He  j nucleus  is  formed. 

mass  of  one  proton  = 1.673  53  x 10  kg 
mass  of  one  neutron  = 1.674  92  x 10“^^  kg 
mass  of  helium  nucleus  = 6.646  46  x 10  kg 

Step  1:  Calculate  the  total  mass  of  the  component  parts.  Remember,  one  helium 
nucleus  has  two  protons  and  two  neutrons. 


total  mass  = 2 ( mass  of  one  proton ) + 2 ( mass  of  one  neutron ) 
= 2(1.673  53x10“^^  kg)  + 2(l.674 92x10“^^  kg) 

= (3.347  06x10“^^  kg) + (3.349 84x10“^^  kg) 

= 6.696  90x10“^^  kg 


Step  2:  Calculate  the  mass  defect. 


mass  defect  = ( mass  of  component  parts ) - ( mass  of  nucleus ) 
= (6.696  90x10“'"  kg) -(6.646  46x10“'"  kg) 

= 5.044x10“'“’  kg 

Step  3:  Calculate  the  corresponding  energy. 


E = mc^ 

= (5.044x10“'^  kg)(3.00xl0®  m/s)^ 
= 4.54x10“"  J 


fusion  - nuclei 
join  to  form  a 
larger  nucleus, 
usually  with  the 
release  of  energy 


The  amount  of  energy  calculated  in  the  preceding  example  would  be  released  if  the 
component  parts  were  brought  together  to  form  a helium  nucleus.  This  is  called  fusion. 
Fusion  is  the  reaction  that  occurs  within  the  sun.  The  energy  that  sustains  life  on  Earth 
is  a consequence  of  nuclear  fusion! 
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binding 
energy  - the 

energy  required 
to  separate  a 
nucleus  into  its 
component  parts 


42.  Deuterium  ^ J H j is  an  isotope  of  hydrogen  which  is  created  by  the  fusion  of  a 

neutron  and  a proton.  Use  the  data  provided  to  calculate  the  mass  defect  and  the 
binding  energy  for  deuterium. 

mass  of  a neutron  = 1.674  92  x 10  kg 

mass  of  a proton  = 1.673  53  x 10  kg 

mass  of  a deuterium  nucleus  = 3.344  32  x 10  kg 

43.  The  energy  released  in  a fusion  reaction  could  be  used  as  a source  of  energy  on 
Earth.  One  possible  reaction  is  the  combination  of  deuterium  ( J H ) and  tritium 

I J H j to  create  helium  ( ^ He),  a neutron,  and  a great  deal  of  energy. 

The  following  reaction  equation  summarizes  this  reaction. 

^ H -I-  1 H ^ 2 He  -I-  J n -h  energy 

Use  the  following  data  to  calculate  the  energy  that  is  released. 


If  you  wanted  to  reverse  the  process  and  break  the  helium  nucleus  into  its  component 
parts,  you  would  have  to  add  4.54  x 10“^^  J.  In  this  case  the  energy  is  called  binding 
energy.  The  important  thing  to  realize  is  that  the  binding  energy  is  not  something  that 
the  nucleus  has,  but  rather  it  is  something  that  the  nucleus  lacks.  For  this  reason,  the 
binding  energy  is  often  described  as  a negative  amount  of  energy. 

The  following  questions  will  give  you  practice  with  Einstein's  equation  as  it  applies  to 
mass  defect  and  binding  energy. 


mass  of  a deuterium  nucleus  = 3.344  32  x 10"^^  kg 
mass  of  a tritium  nucleus  = 5.008  26  x 10  kg 

mass  of  a helium  nucleus  = 6.646  46  x 10  kg 

mass  of  a neutron  = 1.674  92  x 10  kg 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1.  \ 
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As  studied  in  Module  7,  the  fusion  of  hydrogen  atoms  into  helium  atoms  plus  neutrons 
plus  a tremendous  amount  of  energy  is  the  process  of  energy  production  on  the  sun.  It 
must  be  noted  that  fusion  reactions  produce  much  more  energy  than  fission  reactions. 
Again,  the  question  arose:  Can  fusion  reactions  be  produced  artificially? 


Read  the  bottom  of  pages  413  and  414  and  the  top  of  page  415  in  your  textbook. 

44.  Have  scientists  been  successful  in  producing  energy  from  controlled  nuclear  fusion? 


■ 


y Check  your  answers  by  turning  to  the  Appendix,  Section  2;  Activity  1 


\ 


The  video  Nuclear  Power  by  Classroom  Video  provides  a detailed  analysis  of  fission, 
fusion,  and  the  state  of  nuclear  power  production  at  the  present  time.  You  may  be  able 
to  obtain  this  video  through  your  school  or  local  library.  If  you  have  access  to  this  video, 
review  the  following  questions;  then  watch  the  video  and  answer  the  questions. 


45.  What  is  the  difference  between  fission  and  radioactive  decay? 

46.  State  the  purpose  of  the  moderator  in  a fission  reactor. 

47.  What  material  is  the  exterior  shield  in  a fission  reactor  made  of?  What  purpose 
does  it  serve? 


48.  Why  is  there  a great  desire  to  fusion  power  plants? 

49.  Why  is  a torus  shape  created  by  a magnetic  field  used  to  hold  the  plasma  in  a fusion 
experiment? 

50.  What  are  the  benefits  of  fusion  over  fission? 


51.  What  is  done  with  spent  fuel  rods? 

52.  What  is  considered  to  be  the  most  acceptable  method  of  disposing  of  radioactive 
waste? 


53.  State  the  materials  that  make  up  high  level  and  low  level  radiation  materials. 

54.  What  dangers  could  result  with  long  term  underground  storage? 

55.  State  the  prediction  for  the  immediate  future  use  of  nuclear  power  on  a large  scale. 
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56.  State  the  advantages  and  disadvantages  of  nuclear  power  plants  as  given  in  the 
video. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  1, 


In  this  activity  you  have  studied  three  types  of  nuclear  reactions  which  are  capable  of 
producing  tremendous  amounts  of  non-solar,  non-renewable  energy.  In  this  next 
activity  you  will  study  other  non-solar  renewable  sources  of  energy. 


Activity  2:  Geothermal  and  Tidal  Energy 


I 

r 


f 
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geothermal 
energy  - energy 
that  originates 
from  within  Earth 


Have  you  ever  visited  the  hot  springs  at  Miette, 
Banff,  Radium,  or  Fairmont?  Isn't  it  relaxing  to 
sit  in  the  pools  of  heated  mineralized  water 
enjoying  the  warmth?  But  have  you  ever 
wondered  how  the  water  becomes  heated?  If 
you  have  visited  a geyser  like  the  one  in  the 
photograph,  you  will  understand  that  there  is 
an  immense  amount  of  energy  under  the 
surface  of  Earth. 

Further,  sitting  on  an  ocean  beach,  watching  the 
tide  coming  in  or  going  out,  can  be  just  as 
relaxing.  But  have  you  also  ever  wondered 
which  forces  cause  this  daily  phenomenon? 

Although  these  two  natural  phenomena  were 
originally  taken  for  granted,  it  didn't  take 
scientists  very  long  to  realize  the  tremendous 
energy  potential. 

In  this  activity  you  will  study  these  two  sources 
of  renewable  energy  which  are  also  non-solar 
energy  sources. 

The  natural  phenomenon  of  the  hot  springs  is  an  example  of  geothermal  energy.  To 
study  how  it  is  created,  read  pages  417  to  419  of  Visions  3,  and  answer  the  following 
questions. 
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tidal  energy  - 

energy  created 
by  the  movement 
of  the  ocean 
tides 


1.  You  have  probably  heard  or  read  that  the  interior  of  Earth  is  hot. 

a.  At  what  rate  does  the  temperature  within  Earth  increase  with  depth? 

b.  What  is  the  suspected  temperature  at  the  centre  of  Earth? 

2.  State  and  explain  the  three  proposed  causes  of  Earth's  thermal  energy? 

3.  Approximately  how  much  of  this  geothermal  energy  within  Earth  reaches  Earth's 
surface? 


4.  Why  is  geothermal  energy  considered  a valuable  energy  source? 

5.  The  harvesting  of  geothermal  energy  could  only  be  accomplished  at  a few  hot  spots 
on  the  surface.  Explain  why  and  where  such  places  exist? 


6.  The  textbook  states,  "In  tapping  Earth's  heat,  then,  one  is  not  mining  rock,  but 
water."  Starting  from  rainfall,  describe  the  process  by  which  Earth's  interior  heats 
water. 

7.  Using  Figure  12.8  on  page  419,  explain  the  difference  between  a fumarole,  a geyser, 
and  a hot  spring. 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  2. 


Now  that  you  have  studied  how  the  water  within  Earth's  crust  is  heated  by  geothermal 
energy,  you  can  now  analyse  how  society  can  exploit  this  energy  source. 

Read  Then  and  Now  on  pages  419  to  421  of  your  textbook  and  answer  the  following 
questions. 

8.  Briefly  explain  how  geothermal  energy  is  exploited  at  the  following  locations? 


a. 

Italy 

d. 

France 

b. 

California 

e. 

Ottawa 

c. 

Iceland 

f. 

Los  Alamos,  New  Mexico 

Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  2. 

-g  " > 


The  other  type  of  renewable  non-solar  energy  is  tidal  energy.  Previously,  you  studied 
how  moving  water  in  rivers  can  be  used  to  turn  the  huge  turbines  that  create  hydro- 
electric energy. 


Section  2:  Non-Solar  Energy  Sources 


Because  tides  are  moving  water,  tidal  energy  can  be  similarly  exploited.  But  to  first 
understand  how  tides  are  created,  read  pages  422  to  the  top  of  page  424  in  your  textbook 
and  answer  the  following  questions: 

9.  What  four  forces  are  responsible  for  the  creation  of  tides? 

10.  Why  is  the  force  exerted  by  the  moon  more  significant  than  the  force  exerted  by  the 
sun,  in  the  creation  of  tides? 


11.  Briefly  explain  the  creation  of  each  of  the  following.  You  may  find  it  useful  to 
include  diagrams  in  your  explanation. 


a.  high  tide  c.  spring  tide 

b.  low  tide  d.  neap  tide 


12.  Why  do  tides  occur  every  12  h 25  min  rather  than  every  12  h? 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  2. 


To  study  how  humans  can  exploit  this  phenomenon,  read  pages  424  to  426  in  your 

textbook  and  answer  the  following  questions. 

13.  What  is  the  difference  in  water  levels  between  high  and  low  tides  called? 

14.  Where  is  the  world's  best  source  of  tidal  energy? 

15.  The  text  outlines  four  methods  of  harnessing  tidal  energy  to  produce  hydro-electric 
energy.  Compare  these  four  methods  by  making  and  completing  a chart  like  the 
following.  You  will  have  to  expand  the  chart  to  fit  the  amount  of  text  you  will 
write. 


j ' METHODS  TO  HARNESS  TIDAL  ENERGY 

Method 

Discuss  briefly  how  this 
method  is  used  to  harness 
tidal  energy. 

Discuss  the  advantages  or 
disadvantages  of  this 
method. 

Single  Effect 

Double  Effect 

Paired  Basin 

Linked  Basin 

43 


Science  30:  Module  8 


16.  What  are  the  advantages  of  using  tidal  energy  rather  than  conventional  river-based 
hydro  energy  in  the  production  of  electrical  energy? 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Activity  2. 


In  this  activity  you  have  studied  two  other  sources  of  non-solar  renewable  energy — 
geothermal  energy  and  tidal  energy.  Both  of  these  sources  of  energy  offer  great 
potential  as  renewable  energy  sources. 


Follow-up  Activities 


If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is  recommended 
that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of  the  concepts,  it  is 
recommended  that  you  do  the  Enrichment. 


Extra  Help 


Becquerel  discovered  that  radiation  is  given  off  spontaneously  from  certain  substances. 
The  number  of  protons  in  a nucleus  is  given  by  the  atomic  number  (Z)  of  the  element. 
The  number  of  protons  plus  the  number  of  neutrons  in  the  nucleus  is  given  by  the 
atomic  mass  (A)  of  the  element. 

1.  List  the  atomic  number,  the  atomic  mass,  the  number  of  protons,  and  the  number  of 
neutrons  for  the  following  atoms. 

a.  neon 

b.  calcium 

c.  boron 

2.  Complete  the  following  nuclear  equations.  Write  the  complete  equations  in  your 
notebook.  Show  how  atomic  number  and  atomic  mass  are  conserved  and  state 
what  type  of  decay  is  involved. 
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The  nucleus  has  less  energy  than  its  individual  protons  and  neutrons  due  to  the  strong 
nuclear  force.  This  energy  is  called  the  binding  energy  of  the  nucleus.  It  is  calculated  by 

using  Einstein's  formula,  E = mc^ . 

3.  A nucleus  decays  and  releases  1.8  x 10  J of  energy.  What  is  the  mass  equivalent 
of  this  energy? 

4.  a.  Identify  the  three  types  of  nuclear  reactions? 
b.  What  are  the  three  types  of  radiation  given  off  during  a nuclear  reaction? 

5.  What  are  the  three  types  of  non-solar  energy  discussed  in  this  module? 

Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Extra  Help. 


Enrichment 


Do  one  of  the  following  activities. 

1.  Use  a library  resource  to  research  information  on  an  ionizing  smoke  detector. 
Describe  how  it  operates. 

2.  One  of  the  important  uses  of  radioactivity  is  determining  the  age  of  objects.  The 
technique  of  using  carbon  14  as  a dating  material  was  discovered  in  the  1940s.  Since 
then  it  has  been  used  by  archaeologists  all  over  the  world. 

A reaction  takes  place  between  cosmic  rays  and  nitrogen  in  the  atmosphere. 

14  -v  T 1 V 1 T T 

7N-1-  pn— 

This  carbon  14  ( C j is  radioactive  and  decays  to  produce  ^7  N and  ° e with  a 
half-life  of  5730  a.  However,  the  carbon  14  is  present  in  the  atmosphere  and  is 
absorbed  by  plants  through  CO  7 in  the  process  of  photosynthesis.  The 

concentration  of  C in  the  material  of  an  object  can  indicate  the  object's  age. 

The  age  of  the  object  can  be  determined  using  the  following  equation. 


t = (1.90x10“  a)log 


15.3/ min  •g 


rate 


disintegration  rate 

where  rate  = ^ 

mass  of  carbon 
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Two  samples  of  fossils  are  brought  in  for  you  to  analyse.  One  sample  is  believed  to 
be  over  3000  a old.  Its  rate  of  disintegration  is  8.25  per  minute  per  gram  of  carbon. 


a.  Calculate  the  fossil's  age.  Is  the  fossil  over  3000  a old? 


b.  Another  sample  is  found  to  have  a disintegration  rate  of  4.5  per  minute  per  gram 
of  carbon.  How  old  is  it? 


Check  your  answers  by  turning  to  the  Appendix,  Section  2:  Enrichment. 


Hlf  you  have  access  to  the  laser  video  disc  Nova:  Back  to  Chernobyl,  WGBH  Education 

Foundation,  1989,  you  can  find  additional  information  on  fission  reactors,  the  causes  and 
results  of  the  Chernobyl  accident,  and  risks  and  benefits  of  nuclear  power. 


Conclusion 


In  this  section  you  have  identified  three  sources  of  non-solar  energy  and  you  have 
analysed  how  humans  are  attempting  to  exploit  these  sources.  In  the  next  section  you 
will  analyse  the  benefits  and  risks  associated  with  all  these  sources  of  energy  and  their 
associated  technologies  for  exploitation. 


assignmenCV 

Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  2. 
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Section 


Energy  Crisis 


WESTFILE  INC. 


Have  you  ever  been  on  a journey  in  your  car  when  you  run  out  of  gas,  kilometres  from 
I your  destination?  Has  your  gas  barbecue  ever  run  out  of  propane  while  you  were 

I cooking  dinner?  Have  you  ever  wondered  what  life  on  Earth  would  be  like  without 

i solar  energy?  These  situations  depict  not  only  the  reliance  of  human  beings  on  energy 

I sources  for  warmth,  cooking,  and  to  run  their  machines,  but  also  the  necessity  of  energy 

to  sustain  life  itself.  It  is  no  wonder  that  energy  and  its  sources  have  been  carefully 
i studied  since  the  beginning  of  time. 

In  the  previous  sections  you  studied  all  the  available  known  sources  of  energy  and  you 
I have  analysed  how  technology  has  exploited  each  source. 

In  this  section  you  will  analyse  how  society's  incessant  desire  for  energy  increased  at 
such  a feverish  pace  that  suddenly  in  the  1970s  several  problems  surfaced,  culminating 
in  a crisis.  You  will  identify  these  problems;  then  you  will  analyse  several  solutions 
proposed  as  society  endeavors  to  attain  a sustainable  environment. 
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Activity  1:  The  Problem 


With  the  advent  of  the  Industrial  Revolution  in  the  1700s,  society  leapt  from  a simple 
lifestyle  to  one  of  increasing  changes  in  science  and  technology.  Many  of  these  changes 
are  beneficial,  but  they  have  changed  patterns  of  energy  consumption.  In  this  activity 
you  will  see  how  one  major  problem  developed  from  the  exploitation  of  energy  sources. 
The  first  component  of  this  problem  has  to  do  with  the  consumers  of  energy.  The 
following  graph  shows  the  growth  of  Canada's  population  from  1800  to  1990.  Although 
this  graph  depicts  the  population  growth  in  Canada,  it  is  representive  of  the  growth 
pattern  of  the  world  population.  Study  the  graph  and  answer  the  questions  that  follow. 


Population 
(in  millions) 
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1.  In  approximately  what  year  did  Canada's  population  seem  to  start  to  follow  a 
different  growth  pattern? 

2.  What  growth  pattern  does  Canada's  population  seem  to  be  following  from  about 
1940  to  now? 

3.  What  will  be  the  projected  population  of  Canada  by  2050  (assuming  no  major 
changes  in  the  trend)? 

4.  If  Canada's  population  is  expected  to  double  within  the  next  50  years,  what  do  you 
project  will  be  the  total  world  population  by  2050?  (Assume  the  current  world 
population  is  5 billion.) 


Check  your  answers  by  turning  to  the  Appendix,  Section  3;  Activity  1. 


Assuming  no  major  changes  on  Earth,  the  world  population  will  continue  to  grow  at  an 
exponential  rate  and  should  double  within  the  next  50  years. 

The  second  component  in  the  creation  of  the  energy  problem  concerns  the  consumption 
of  energy. 


As  shown,  the  advancement  of  a technological  society  changed  the  demands  on  the  type 
of  energy  source  and  the  amount  of  energy  consumed. 


Reread  page  360  of  Visions  3 and  answer  the  following  question. 


5.  What  type  of  energy  source  has  become  the  dominant  energy  source  in  the  world? 

Study  the  following  graph  of  the  global  use  of  the  five  most  predominant  energy  sources 
from  1985  to  2010,  and  answer  the  questions  that  follow. 
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6.  a.  What  type  of  energy  source  will  continue  to  be  consumed  the  most? 

b.  What  trend  can  you  detect  in  the  total  energy  consumption  in  the  near  future? 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  sActivity  1. 


The  consumption  of  energy  will  continue  to  be  predominantly  the  non-renewable 
energy  sources  and  the  demand  will  continue  to  grow  rapidly,  but  who  is  consuming 
this  energy? 
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■ Read  the  middle  paragraph  on  page  357  of  Visions  3 and  answer  the  following  questions. 

7.  What  is  the  difference  between  a primary  energy  consumer  and  a secondary  energy 
consumer? 

8.  Which  consumer  always  uses  more  energy? 

■ To  analyse  who  the  consumers  are,  read  page  359  and  study  the  graphs  on  the  top  of 
page  360  and  in  Plate  11.1  in  your  textbook.  Then  answer  the  following  questions. 

9.  a.  Do  countries  with  the  largest  population  necessarily  use  the  most  energy? 

b.  What  type  of  country  uses  the  most  energy? 

c.  Name  five  countries  which  are  the  highest  consumers  of  energy. 

d.  Name  five  countries  which  are  the  lowest  consumers  of  energy. 

Not  only  do  different  countries  differ  in  energy  consumption,  but  within  each  country 
different  sectors  of  society  differ  in  their  energy  consumption. 

10.  a.  What  are  the  five  sectors  of  society,  in  terms  of  energy  use? 

b.  Which  sector  consumes  the  most  energy? 

c.  Which  sector  consumes  the  least  energy? 

11.  What  are  the  four  factors  that  affect  energy  consumption? 

Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  1. 


After  examining  the  consumption  of  energy,  it  should  become  apparent  that  today's 
technological  society  is  heading  towards  a problem  which  could  eventually  lead  to  a 
crisis.  To  review  and  clarify  the  development  of  this  problem,  answer  the  following 
questions. 

12.  a.  Assuming  no  major  disasters  occur,  what  do  you  think  will  happen  to  the  total 
population  of  the  world  in  the  near  future? 

b.  WTiat  type  of  energy  source  will  humans  continue  to  exploit  in  the  near  future? 

c.  How  will  the  demand  for  energy  supplies  by  human  beings  extend  into  the  near 
future?  Why? 
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Humans  seem  to  be  concentrating  on  the  non-renewable  and  finite  sources  of  energy. 
Use  the  data  in  the  following  chart  to  help  you  answer  the  questions  that  follow. 


13.  a.  Complete  the  table  by  calculating  the  number  of  years  left  of  a particular  energy 
source,  using  the  following  formula. 


Number  of  Years  Left  = 


Proven  Reserves 
Yearly  Consumption 


b.  Based  on  the  consumption  rates  of  1995,  when  will  we  run  out  of  fossil  fuels 
(like  oil  and  gas)? 

c.  Is  your  answer  to  b.  realistic  according  to  population  and  consumption  trends? 


14.  Summarize  this  activity,  by  stating  one  energy  problem  that  will  arise  in  the  near 
future. 


15.  Can  you  suggest  any  possible  solutions? 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  1. 

rv"  s)'  wt' 


In  this  activity  you  identified  one  major  problem 
concerning  the  energy  future — that  of  a dwindling 
non-renewable  energy  supply.  In  the  next 
activity  you  will  identify  other  problems  such 
as  environmental  concerns  that  will  affect  the 
energy  future. 


52 


Section  3:  Energy  Crisis 


Activity  2:  More  Problems  Concerning 
Future  Energy  Needs 


Not  only  does  society  run  the  risk  of  depleting  its  most  predominantly  used  energy 
source,  but  other  equally  serious  problems  are  affecting  future  energy  sources. 


PHOTO  SEARCH  LTD. 


These  photos  depict  another  problem.  What  appears  to  be  the  major  theme  of  this  new 
problem?  Can  you  think  of  any  other  major  problems? 

In  this  activity  your  task  will  be  to  identify  as  many  other  problems  as  possible  and  by 
comparing  the  problems  created  by  energy  use  to  the  advantages  you  will  perform  a 
hypothetical  risk-benefit  analysis  of  all  energy  sources. 

■ 1.  Suppose  you  were  given  the  task  of  presenting  a proposal  to  a large  multinational 

industry  concerning  the  benefits  (advantages)  and  risks  (disadvantages  or  costs)  of 
using  any  of  the  available  energy  sources.  The  results  of  your  proposal  will  clearly 
advise  the  industry  as  to  which  energy  source  to  choose.  To  enable  you  to  complete 
a proposal,  carefully  read  pages  434  to  445  of  Visions  3 and  copy  and  complete  a 
chart  like  the  following.  You  will  need  to  list  the  five  advantages  or  benefits  of  each 
energy  source.  You  will  also  list  the  five  risks  or  costs.  You  will  rate  each  risk  and 
benefit  using  a scale  of  1 to  10,  with  10  being  the  greatest  benefit  or  risk.  You  will 
need  to  think  of  an  additional  benefit  and  risk  for  some  of  the  energy  sources. 
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■ENEFIT  ANALYSIS  OF  R1 

ir-vci-v  j^ 

pNERSY  SOURCES  , 

- 

Renewable 
Energy  Source 

Five  Advantages 
or  Benefits 

Ratings 

(1-10) 

Five  Risks 
or  Costs 

Ratings 

(1-10) 

Solar  Energy 
(Solar  Cells  or 
Photovoltaic 
cells) 

Total  = 

Total  = 

Wind 

Total  = 

Total  = 

Biomass 

Total  = 

Total  = 

Hydro 

Total  = 

Total  = 

Geothermal 

Total  = 

Total  = 

Tidal 

Total  = 

Total  = 

_• 

Non-Renewable 
Energy  Source 

Five  Advantages 
or  Benefits 

Ratings 

(1-10) 

Five  Risks 
or  Costs 

Ratings 

(1-10) 

Fossil  Fuels 

Total  = 

Total  = 

Nuclear 

Total  = 

Total  = 

Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  2. 
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2.  According  to  your  results,  which  energy  source  has 

a.  the  highest  benefit  c.  the  highest  risk 

b.  the  lowest  benefit  d.  the  lowest  risk 

3.  Which  energy  source  would  you  most  recommend  for  immediate  future  use?  Justify 
your  answer. 

4.  a.  What  was  the  key  environmental  concern  associated  with  fossil  fuels? 
b.  Which  gaseous  emissions  are  responsible  for 

i.  greenhouse  effect  iii.  ground-level  ozone 

ii.  acidic  deposition 

5.  Why  is  nuclear  power  considered  the  unforgiving  technology? 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  2. 


In  this  activity  you  have  identified  several  other  problems  associated  with  energy 
sources.  In  the  next  activity  you  will  identify  some  possible  solutions  to  some  of  these 
problems. 

Activity  3:  Some  Possible  Solutions 


Twenty  years  have  passed  since  society  first  became  aware  of  the  energy  crisis,  yet  what 
has  been  done  to  solve  the  problems?  Is  there  a secure  energy  future?  Is  the 
environment  being  protected? 
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In  this  activity  you  will  study  the  current  solution  to  the  energy  crisis,  then  you  will 
analyse  what  seems  to  be  the  only  proper  solution. 

■ Read  the  first  half  of  page  447  of  Visions  3,  and  answer  the  following  questions. 

1.  In  a brief  statement,  what  is  the  energy  crisis? 

2.  What  current  method  is  the  world  of  today  using  to  solve  this  energy  crisis? 

3.  What  seems  to  be  a better  solution  for  solving  the  crisis? 

Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  3. 


If  better  efficiency  in  the  consuming  of  current  energy  resources  appears  to  be  the  best 
solution,  (until  new  energy  sources  can  be  developed),  then  how  this  efficiency  can  be 
achieved  in  the  different  sectors  of  society  needs  to  be  analysed. 

■ Read  pages  447  to  456  of  your  textbook  and  answer  the  following  question. 

4.  Copy  and  complete  a chart  similar  to  the  following  by  answering  the  question  in  the 
heading.  You  will  have  to  expand  your  chart  according  to  the  amount  of 
information  included. 


ENERGY  EFFICIENCY  IN  THE  VARIOUS  SECTORS  OF  SOCIETY 

Sector  of 
Society 

Whot  are  the  methods  that  can  be  used  to  achieve  greater, 
energy  efficiency  in-^ach  sector?  List  at  least  three 
methods  and  explaih  how  efficiency  is  achieved. 

Residential 

Commercial 

Industrial 

Transportation 

Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  3. 

^ .... 


56 


Section  3:  Energy  Crisis 


Achieving  better  efficiency  in  the  consumption  of  current  energy  resources  is  something 
for  which  everyone  should  strive.  In  the  following  investigation  you  will  analyse  how 
to  improve  the  efficiency  of  a home  hot  water  heater. 

Investigation:  Designing  an  Energy  Efficient  Hot  Water  Heater 


Part  A 


Complete  Activity  13.2,  Designing  an  Energy  Efficient  Hot  Water  Heater,  on  pages  448 
and  449  of  Visions  3.  Read  all  parts  of  the  investigation  carefully.  You  may  have  to 
spend  several  days  or  weeks  planning  and  designing  your  hot  water  heater  and 
obtaining  the  necessary  materials.  Once  you  have  completed  your  design,  have  it 
checked  by  your  learning  facilitator  before  proceeding  with  the  remainder  of  the 
investigation. 


5.  Answer  questions  1 to  5 in  the  Analysis  and  Interpretation  part  on  page  449  and  450 
of  your  textbook. 


Check  your  answers  byiturning  to  the  Appendix,  Section  3:  Activity  3. 


End  of  Part  A 


Parts 


One  of  the  suggested  methods  to  improve  efficiency  in  fuel  consumption  in  the  energy 
sector  would  be  to  improve  your  home  hot  water  heater.  How  can  the  efficiency  of  your 
hot  water  heater  be  maximized? 


6.  Read  the  planning  section  of  Activity  13.2  on  page  448  of  Visions  3 and  propose  a 
design  for  a more  efficient  water  heater.  Sketch  your  water  heater,  labelling  all  your 
recommended  parts  and  materials. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  3. 


End  of  Part  B 
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i 


sustainable 
environment  - 

an  environment 
which  will  not 
compromise  the 
future  survival  of 
living  things  while 
providing  present 
needs 


In  the  previous  activities  you  have  studied  the  problems  leading  to  an  eventual  energy 
crisis,  and  in  this  activity  you  have  considered  and  analysed  some  possible  solutions. 
The  final  solution  must  be  one  that  ensures  a sustainable  environment. 

Read  pages  457  to  461  in  your  textbook  and  conclude  this  activity  by  answering  the 
following  questions. 

7.  What  is  sustainable  development? 

8.  What  is  the  major  challenge  to  attaining  sustainable  development? 


9.  Although  the  solution  to  the  energy  crisis  seems  to  focus  on  the  wise  use  of  energy 
or  better  efficiency,  explain  why  this  solution  is  merely  postponing  the  energy  crisis? 

10.  What  energy  policy  must  be  adopted  in  the  twenty-first  century? 


In  this  activity  you  have  analysed  several  possible  solutions  to  the  energy  crisis  and  you 
should  have  realized  that  the  direction  towards  better  energy  efficiency  is  a solution 
which  is  merely  postponing  the  crisis.  More  drastic  action  must  be  taken  to  create  a 
sustainable  environment. 


Activity  4:  Preparing  for  the  Final  Exam 


You've  made  it.  This  is  the  last  activity  in  your  Science  30  course.  But  don't  celebrate 
yet.  This  may  be  the  most  important  activity  of  all.  Two  exams  are  written  at  the  end  of 
this  course.  First  you'll  write  the  Science  30  Final  Exam.  This  is  based  on  the  modules 
you've  studied  and  is  much  like  a summary.  Second,  you'll  write  the  Science  30 
Diploma  Examination.  This  is  written  at  an  examination  centre  at  various  times  during 
the  year,  such  as  January  and  June.  Your  mark  in  Science  30  will  be  based  on  a 
combination  of  section  assignments,  the  final  course  exam,  and  the  Diploma  Exam.  The 
following  diagram  explains  how  your  marks  are  totalled. 
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This  activity  and  the  final  course  exam  are  good  preparation  for  your  Diploma  Exam. 


So,  what  kinds  of 
questions  are  on  the 
. Diploma  Exam? 


% \ 

i ' 

//  \ 

n / ^ 

vir  A 

1 \\1  How  can  1 identify 

/ 1 ( V. 

what  is  most  important?  ^ 

^ V J 

What  do  1 need 
to  write  the 
Diploma  Exam?i 


How  can  I study 
most  effectively? 


These  are  good  questions. 
Let's  approach  them  in  order. 


Diploma  Exam  questions  will  include  multiple  choice  and  written  response  types. 

• Multiple  Choice:  With  each  question  you  are  given  several  (usually  four) 
alternative  answers;  listed  by  A.,  B.,  C.,  and  D.;  from  which  you  choose  the  single 
best  possible  answer.  Each  multiple-choice  question  is  worth  one  mark.  You 
record  your  choice  for  each  question  by  blackening  a circle  on  a separate  machine- 
scored  answer  sheet  that  is  provided. 
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• Numerical  Response:  A numerical-response  question  is  designed  so  that  you 
must  record  your  answer,  but  you  do  not  show  your  work.  There  are  two  basic 
types  of  numerical-response  questions:  calculation  questions  and  correct-order 
questions.  Whichever  type,  you  will  be  expected  to  record  your  answer  on  the 
same  type  of  machine-scored  answer  sheet. 

• Written  Response:  Written-response  questions  are  multiple-mark  questions  in 
which  you  are  expected  to  show  all  your  work  and  organize  and  present  your 
answer  in  a clear  and  precise  manner.  Marks  may  be  given  for  clarity  in  the 
communication  of  your  answer  as  well  as  the  shown  calculation  work.  You  will  be 
given  several  activity  and  assignment  questions  of  this  question  style. 

The  multiple-choice  and  numerical-response  questions  are  answered  on  a machine- 
scored  answer  sheet.  So,  you'll  need  a sharp  HB  pencil;  it  is  a good  idea  to  have  two 
pencils.  The  written-response  questions  can  usually  be  written  in  pencil  or  pen,  but  a 
pencil  (with  an  eraser)  saves  on  the  use  of  correction  fluid. 


Is  that  all  we  need 
to  know  about  the 
kinds  of  questions? 


No,  there  is  much 
more  that  you'll ; 
need  to  know.  . 


The  percent  emphasis  of  machine-scored  and  teacher-scored  questions  will  be  70%  and 
30%  respectively.  The  machine-scored  section  will  contain  both  multiple-choice  and 
numerical-response  items. 
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An  ordinary  multiple-choice  question  would  look  like  this. 
35.  Alberta  is  a /an 

A.  island 

B.  province 

C.  sun 

D.  ocean 


Knowing  the  correct  answer,  you  would  record  your  response  like  this. 


A B C D 

omoo 


So  what  about  the 
numerical-response 
questions? 


Numerical-response  questions  may  be  correct-order  questions  or  calculation  questions. 
Here  are  some  examples. 

Correct-order  Question  and  Solution 

61.  The  correct  order  of  letters  in  the  alphabet  are 

1.  D 

2.  C 

3.  A 

4.  B 


Knowing  the  correct  answer,  you  would  record  your  response  like  this. 


Record  3421  on  the  answer  sheet. 


Then  shade  in  the  numbers  in  the 
appropriate  columns. 


3 

4 

2 

/ 

OOOG 
®®  ®® 

©©•@ 
• @@@ 
©•®® 
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Calculation  Question  and  Solution 

23.  Find  and  record  the  q value  in  the  Hardy- Weinberg  formula  when  applied  to  a 
population  of  200  animals  where  72  individuals  express  the  recessive  trait. 

Knowing  the  formula,  you  would  do  your  calculations  on  rough  paper,  supplied  in  the 
Diploma  Examination  Booklet,  something  like  this. 


• H- W formula  is  +2pq  + q^  =1 

• q^  represents  recessive  alleles. 


q^  =036 


q = V 0.36 
q = 0.60 

Then  you  would  record  your  numerical  response  on  the  answer  sheet  like  this. 


Record  0.60  here. 


Shade  in  the  number  like  this.  Notice 
how  the  decimal  is  indicated. 


6 

0 

©•OO 

@@@@ 

©©©© 
®®  •© 
@@@@ 
®®  ®® 
@®  ® © 
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What  about  details 
like  heats  of  formation 
and  other  data? 


You've  raised  a good  point.  Your 
Diploma  Exam  will  include  a 
Data  Booklet  with  tables,  graphs, 
and  lists  of  things  for  use  in  questions. 
There's  no  sense  memorizing 
something  that  is  easy  to  look  up. 
But  you  should  know  basic 
formulas  for  convenience. 


The  Data  Booklet  may  be  used  in  several  questions.  It  may  support  multiple-choice, 
numerical-response,  or  written-response  questions. 


As  you've  read,  written-response  questions  are  multiple-mark  questions  where  you 
show  your  work  and  compose  an  answer  that  is  clear  and  concise.  Marks  are  given  for 
clear  communication  as  well  as  for  the  correct  answer. 


Are  they  long  or  short? 


Written-response  questions 
may  be  either  long  or  short. 
, They  may  also  be  in  several 
Tv  v ' parts,  like  a),  b),'c). 
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Are  there  any « 


^ Sure,  here  are  a 

, number  of  tips  for 


' answering  written- 
^ response  questions. 


general  tips? 


> 


• Written-response  questions  will  be  evaluated  on  how  well  the  answer  is 
communicated.  Be  clear  and  to  the  point.  You  may  even  want  to  restate  part  of 
the  question  in  the  beginning  of  your  answer. 

• Some  questions  will  include  concepts  from  more  than  one  of  the  core  concepts. 

• Written-response  questions  will  require  you  to  see  relationships  among  concepts 
learned. 

• Some  questions  will  require  you  to  apply  what  you  learned  in  new  contexts.  Case 
studies  may  be  given  as  part  of  a question. 

• Numerical  answers  are  to  be  rounded  only  once,  at  the  end  of  the  question. 
Intermediate  numbers  are  to  be  used  as  displayed  on  the  calculator. 

You  are  given  credit  for  responses  that  are  on  topic,  clear,  concise,  well  written,  and 
demonstrate  the  conventions  of  scientific  language.  Your  assessment  is  based  on  three 
main  criteria: 

• Your  response  should  answer  the  question  asked  and  appropriately  use  the 
concepts  you  learned  in  Science  30. 

• Your  response  should  be  clear  and  logical,  and  organized  in  a meaningful  manner. 
Shorthand  should  not  be  used  because  your  notations  may  not  be  understood  by 
all  markers. 

• Your  response  should  use  conventions  of  scientific  language  accurately.  Proper 
terminology  should  be  used. 


Could  we 
have 
some 
examples? 


questions  are  good  examples. 


Sure,  here  are  some  general 
questions  involving^written 
responses.  Your  section 
assignments  and  final  test 


too.  Try  each  question. 
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1.  Suppose  you  stepped  on  a tack  in  your  bare  feet.  Outline  the  major  neural  pathways 
that  would  be  activated  between  stimulus  and  response. 

2.  If  an  X-linked  trait  is  dominant,  would  you  expect  to  see  it  more  frequently  in  men 
or  in  women?  Explain. 

3.  Explain  and  use  an  equation  to  show  how  vinegar  acts  as  a Bronsted-Lowry  acid. 

4.  Assuming  G = 6.67x10”^^  N«m^/kg^,  g = 9.81  N/ kg,  and  Earth's  radius  is 
6.38  X 10  ^ m,  find  the  mass  of  Earth. 


Check  your  answers  by  turning  to  the  Appendix,  Section  3:  Activity  4. 

fe ......Cry: ^ I 


Some  questions  may 
require  you  to  recall^ 
Information  and  put 
together  answers 
from  several  modules. 


The  following  is  a list  of  materials  you'll  need: 

• proper  identification  with  your  picture  on  it,  such  as  a school  card  or  driver's  licence 

• calculator  in  good  condition  (You  might  consider  extra  batteries.) 

• at  least  2 sharp  HB  pencils 

• an  eraser 

• small  plastic  metric  ruler 

Consider  other  things  for  your  own  comfort  as  needed,  such  as  tissues  or  throat  lozenges 
if  you  have  a cold.  A good  night's  sleep  before  the  exam  is  a must. 
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Main  concepts  are  the  most  important  and  the  best  place  to  begin  studying.  Look  over 
the  overviews  and  tables  of  contents  of  the  modules.  This  will  show  you  the  main  ideas. 
After  you  have  identified  the  main  concepts,  you  will  need  to  identify  specific  details. 

Details  begin  in  the  section  introductions.  As  you  look  at  the  section  introductions,  ask 
yourself  if  they  fit  what  you've  learned.  Do  you  feel  you  know  something  about  these 
topics?  You'll  find  on  the  Diploma  Exam  that  questions  are  grouped  around  main 
concepts.  This  means  that  a main  concept  such  as  succession  may  be  covered  by  both 
multiple-choice  and  numerical-response  questions.  So  when  studying  these  main 
concepts,  watch  for  details  such  as  structures  and  fimctions  and  cause  and  effect 
relationships. 

Do  you  remember  the  science  skills  introduced  in  Module  1?  Look  for  examples  where 
you've  learned  to  do  something  such  as  practising  a skill.  Practising  skills  can  include 
such  tasks  as  graphing,  taking  measurements,  and  doing  calculations. 


Time  management  is  important  in  both  effectively  studying  and  writing  the  exam. 
Obviously  you  don't  want  to  begin  studying  the  night  before  the  exam.  Ideally,  several 
weeks  before  the  exam  you  should  start  getting  organized.  Look  at  the  course  and  at 
your  available  time  for  study.  There  are  eight  modules.  Most  modules  have  two  or 
three  sections.  Reviewing  one  section,  including  making  a list  of  main  ideas  and 
vocabulary,  and  reviewing  the  section  assignments  and  text,  may  take  an  entire  evening. 
Identify  on  a calendar  when  you  will  be  able  to  study.  Pencil  in  the  sections.  Leave 
yourself  some  extra  time  for  flexibility  and  unexpected  events. 

Time  management  and  technique  is  also  important  when  writing  the  Diploma  Exam. 
You  must  write  an  examination  during  the  specified  time  and  may  not  hand  in  a paper 
until  at  least  one  hour  of  the  examination  time  has  elapsed.  If  you  arrive  more  than  one 
hour  after  an  examination  has  started,  you  may  not  be  allowed  to  write  the  examination. 
If  you  arrive  late  but  within  the  first  hour  of  an  examination  sitting,  you  may  be  allowed 
to  write  only  at  the  discretion  of  the  supervising  teacher.  You  will  have  2.5  h to  write  the 
exam  with  an  additional  0.5  h allowed  if  you  require  it.  A multiple-choice  question 
usually  takes  30  s to  2 min  to  answer.  Numerical-response  questions  may  take  a little 
longer,  especially  if  calculations  are  required. 
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A good  rule  of  thumb  would  be  to  estimate  1 h on  the  multiple-choice  and  numerical- 
response  questions  and  1 h on  the  written-response  questions.  This  leaves  0.5  h for 
review  and  checking. 


Guidelines  for  Significant  Digits,  Manipulation  of  Data,  and  Rounding  in  the 
Science  Examination 

Significant  Digits 

1.  For  all  nonlogarithmic  values,  regardless  of  decimal  position,  any  of  the  digits  1 to  9 
are  significant  digits;  0 may  be  significant,  for  example, 

123  0.123  0.002  30  2.30x10=* 

all  have  3 significant  digits 

2.  Leading  zeros  are  not  significant,  for  example, 

0.12  and  0.012  have  two  significant  digits 

3.  Trailing  zeros  to  the  right  of  the  decimal  are  significant,  for  example, 

0.123  00  and  20.000  have  five  significant  digits 

4.  Zeros  to  the  right  of  a whole  number  are  considered  to  be  ambiguous.  The  Student 
Evaluation  Branch  considers  all  trailing  zeros  to  be  significant,  for  example, 

200  has  three  significant  digits 

5.  For  logarithmic  values,  such  as  pH,  any  digit  to  the  left  of  the  decimal  is  not 
significant,  for  example, 

a pH  of  1.23  has  two  significant  digits,  but  a pH  of  7 has  no  significant  digits 


67 


Science  30:  Module  8 


Manipulation  of  Data 

1.  When  adding  or  subtracting  measured  quantities,  the  calculated  answer  should  be 
rounded  to  the  same  degree  of  precision  as  that  of  the  least  precise  number  used  in 
the  computation  if  this  is  the  only  operation,  for  example, 

12.3  (least  precise) 

0.12 

12.34 

24.76  The  answer  should  be  rounded  to  24.8. 

2.  When  multiplying  or  dividing  measured  quantities,  the  calculated  answer  should  be 
rounded  to  the  same  number  of  significant  digits  as  are  contained  in  the  quantity 
with  the  fewest  number  of  significant  digits  if  this  is  the  only  operation,  for 
example, 

(1.23) (54.321)  = 66.814  83  The  answer  should  be  rounded  to  66.8. 

3.  When  a series  of  calculations  is  performed,  the  answer  should  not  be  rounded  off 
based  upon  interim  values,  for  example, 

(1.23) (4.321)/(3.45  - 3.21)  = 22.145  125  The  answer  should  be  rounded  to  22.1. 

Rounding 

1.  When  the  first  digit  to  be  dropped  is  less  than  or  equal  to  4,  the  last  digit  retained 
should  not  be  changed,  for  example, 

1.2345  rounded  to  three  digits  is  1.23 

2.  When  the  first  digit  to  be  dropped  is  greater  than  or  equal  to  5,  the  last  digit  retained 
should  be  increased  by  one,  for  example, 

12.25  rounded  to  three  digits  is  12.3 

Use  of  Directing  Words  on  the  Diploma  Exam 

• Discuss:  The  word  discuss  will  not  be  used  as  a directing  word  on  the  science 
diploma  examination  because  it  is  not  used  consistently  to  mean  a single  activity. 

It  can  mean  to  debate,  i.e.,  present  arguments  both  pro  and  con;  to  investigate,  i.e., 
present  in  detail  the  factual  information  about  a topic;  or  simply  to  talk  about  a 
subject. 

The  following  words  are  more  specific  in  meaning.  Carefully  read  the  expectations 
for  each  directing  word. 

• Contrast/Distinguish:  point  out  the  differences  between  two  things  that  have 
similar  or  comparable  natures 
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• Compare:  show  the  character  or  relative  values  of  two  things  by  pointing  out  their 
similarities  and  differences 

• Conclude:  state  a logical  end  based  on  reasoning  and/or  evidence 

• Criticize:  point  out  the  merits  and  demerits  of  an  item  or  issue 

• Define:  provide  the  essential  qualities  or  meaning  of  a word  or  concept;  make  a 
meaning  distinct  and  clear  by  marking  out  the  limits 

• Describe:  give  an  account  of  in  words;  or  represent  by  a figure  or  model,  or 
picture  the  characteristics 

• Design/Plan:  construct  a plan;  i.e.,  a detailed  sequence  of  actions  for  a specific 
purpose 

• Enumerate:  specify  one  by  one  or  list  in  concise  form  and  according  to  some  order 

• Evaluate:  give  the  significance  or  worth  of  something  by  identifying  the  good  and 
bad  points  or  the  advantages  and  disadvantages 

• Explain:  make  clear  what  is  not  immediately  obvious  or  entirely  known;  give  the 
cause  of  or  reason  for;  make  known  in  detail 

• How:  show  in  what  manner 

• Hypothesize:  form  a tentative  proposition  intended  as  a possible  explanation  for 
something  observed,  i.e.,  a possible  cause  for  a specific  effect;  the  proposition 
should  be  testable  logically  and/ or  empirically 

• Identify:  recognize  and  select  as  having  characteristics  of 

• Illustrate:  make  clear  by  giving  an  example;  form  of  example  must  be  specified  in 
the  question,  i.e.,  word  description,  sketch,  or  diagram 

• Infer:  form  a generalization  from  sample  data;  arrive  at  a conclusion  by  reasoning 
from  evidence 

• Interpret  tell  the  meaning  of;  present  information  in  a new  form  that  adds 
meaning  to  the  original  data 

• Justify/Show  How:  show  reasons  for,  or  give  facts  that  support  a position 

• Outline:  give,  in  organized  fashion,  the  essential  parts  of;  form  of  the  outline  must 
be  specified  in  the  question,  i.e.,  lists,  flow  charts,  concept  maps 
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• Predict:  tell  in  advance  on  the  basic  empirical  evidence  and/or  logic 

• Prove:  establish  the  truth,  validity,  or  genuineness  of  something  by  giving  factual 
evidence  or  logical  reasons 

• Relate:  show  logical  or  causal  connection  between 

• Solve:  give  a solution,  i.e.,  an  explanation  in  words  and/ or  numbers,  for  a 
problem 

• Summarize:  give  a brief  account  of  main  points 

• Trace:  give  a step-by-step  description  of  the  development  of 

• Why:  show  the  cause,  reason,  or  purpose  for  which 

Preparing  to  Write  a Science  Diploma  Examination— What  You  Should  Do 
Before  the  Examination 

• Prepare  a course  review  schedule. 

- Design  your  schedule  for  the  two-week  period  (minimum)  before  the 
examination. 

- Divide  the  course  material  into  sections  and  indicate  on  the  schedule  the  time 
blocks  to  be  devoted  to  each  section. 

- Take  into  account  the  examination  blueprint  available  from  your  teacher 
{Diploma  Examinations  Program  Information  Bulletin  for  the  course.)  This 
blueprint  indicates  the  relative  importance  (weighting)  of  each  unit  in  the 
course.  Note  that  course  units  are  not  equally  weighted  on  the  diploma 
examination. 

- Take  into  account  units /concepts  that  you  find  most  difficult,  i.e.,  allocate 
more  time  for  the  review  of  these. 

• Obtain  and  review  examination  schedules,  rules,  and  policies. 

- Record  the  time  and  place  of  writing. 

- Note  minimum  and  maximum  writing  times  permitted. 

- Prepare  to  remain  in  the  examination  room  for  at  least  2.5  h.  (You  may  need 
to  bring  items  such  as  tissues  or  cough  drops.) 

- Identify  materials  allowed  for  writing  each  examination,  such  as  pencils, 
pens,  calculators,  mathematical  instruments,  and  a clear  plastic  ruler. 
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• Identify  and  collect  examples  of  each  type  of  question  that  will  be  asked. 

- Review  the  format  of  previous  diploma  examinations. 

- Learn  the  meanings  of  the  key  ''directing"  words. 

• Make  summaries  and  point-form  outlines. 

- Distinguish  between  major  concepts  and  factual  details. 

- Identify  essential  skills  that  can  be  assessed  on  paper-and-pencil  tests. 

- Review  investigation  results  and  procedures. 

- Identify  connections  between  investigation  reports,  your  notes,  and  your 
textbook. 

- Anticipate  examples  of  connections  between  concepts  and  the  "real  world." 

- Prepare  a glossary  of  important  subject  terminology. 

- Link  each  formula  or  equation  with  a calculation  done  on  a previous  test  or 
assignment. 

- Identify  any  restriction  on  the  use  of  each  formula  or  equation. 

• Use  the  following  memory  aids: 

- Colour  code,  underline,  highlight,  or  jot  keywords  in  margins. 

- Number  points  to  be  memorized. 

- Group  word  and  idea  associations. 

- Read  ke3rwords  aloud,  expressing  their  definitions  in  your  own  words. 

Suggestions  for  Students  When  Writing  Science  Diploma  Examinations— 
What  You  Should  Know  When  Writing  Examinations 

• Do  not  be  afraid  to  answer  each  question  even  if  you  are  not  sure  of  the  correct 
solution  to  the  problem.  A penalty  is  not  given  for  guessing  on  the  machine- 
scored  section  of  the  exam.  Partial  marks  are  often  awarded  for  incomplete 
answers  in  the  written-response  section  of  the  exam. 

• If  you  are  stuck  on  a question,  mark  the  alternatives  that  you  know  are  incorrect 
and  choose  from  the  ones  that  are  left  using  logical  guessing  strategy.  Think  of  the 
questions  as  challenges  and  cultivate  a positive  attitude  about  your  ability  to 
answer  them. 
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• Scan  the  written-response,  multiple-choice,  and  numerical-response  sections  of  the 
examination  before  answering  the  questions.  A question  in  one  section  of  the 
examination  may  jog  your  memory  about  a question  in  another  section. 

• When  first  reading  a multiple-choice  question,  locate  and  circle  keywords  to  help 
clarify  the  meaning  of  the  question.  Then  hide  the  alternatives  and  try  to 
formulate  an  answer  of  your  own.  Your  answer  may  be  very  close  to  the  correct 
alternative. 

• If  a multiple-choice  question  involves  a calculation,  do  the  calculation  and  select 
the  alternative  that  is  closest  to  your  answer.  A multiple-choice  calculation  is 
usually  short.  If  you  cannot  do  it  in  five  minutes,  your  method  is  either 
inappropriate  or  incorrect.  Go  on  to  the  next  question. 

• Diagrams  on  examinations  are  often  labelled  with  numbers  or  letters.  It  may  be 
useful  to  write  in  the  names  of  the  labelled  structures  or  features  that  you  can 
identify. 

• When  reading  graphs,  use  a clear  plastic  ruler  to  more  accurately  extrapolate  or 
interpolate  data. 

• Have  a good  reason  for  changing  an  answer.  Do  not  change  an  answer  on  a 
hunch.  Do  not  waste  your  time  looking  for  patterns  of  As,  Bs,  Cs,  or  Ds  in 
multiple-choice  answers.  There  are  none. 

• You  may  not  have  time  to  write  and  edit  a complete  rough  copy  for  each  written- 
response  question,  but  you  should  prepare  an  outline  of  your  answer  and  use  it  as 
a guide  when  writing  your  good  copy. 

• When  completing  a written-response  question,  keep  in  mind  the  reader  of  your 
response.  The  reader  will  want  to  know  how  well  you  can  do  the  following: 

- understand  the  problem  or  the  mathematical/ science  concept 

- correctly  use  the  mathematics  involved 

- use  problem-solving  strategies  and  explain  your  answer  and  procedures 

- communicate  your  solutions  and  mathematical /science  ideas 

• Rewriting  a statement  of  the  question  is  often  a good  way  to  begin  a written 
response.  Conclude  with  a summary  statement.  Be  sure  you  have  clearly 
explained  all  assumptions  and  have  verified  your  conclusions. 

• Keep  track  of  the  time  and  pace  yourself.  Put  a check  mark  by  items  that  you  are 
uncertain  about  and  return  to  them  if  there  is  time  at  the  end  of  the  examination. 

Good  Luck! 
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Follow-up  Activities 

If  you  had  difficulties  understanding  the  concepts  in  the  activities,  it  is  recommended 
that  you  do  the  Extra  Help.  If  you  have  a clear  understanding  of  the  concepts,  it  is 
recommended  that  you  do  the  Enrichment. 

Extra  Help 

In  this  section  you  identified  several  problems  affecting  the  energy  future. 

1.  One  of  the  problems  concerned  the  usage  of  available  energy  sources  today.  To 
review  this  problem  answer  the  following  questions. 

a.  Given  the  following  energy  sources,  label  them  as  renewable  or  non-renewable. 


Solar 

Geothermal 

Wind 

Tidal 

Biomass 

Fossil  Fuels 

Hydro 

Nuclear 

b.  What  are  three  benefits  of  using  non-renewable  energy  sources? 

c.  What  are  three  risks  of  using  non-renewable  energy  sources? 

d.  What  type  of  energy  source  is  being  exploited  the  most  by  today's  society? 

e.  What  will  happen  to  the  amount  of  this  energy  consumed  in  the  near  future? 

f.  What  is  happening  to  the  world's  population? 

g.  Using  your  answers  to  preceding  questions  d.,  e.,  and  f.,  what  was  the  first 
problem  identified  which  will  lead  to  an  energy  crisis? 

2.  Identify  the  major  problem  arising  from  the  current  energy  usage. 

You  also  analysed  several  solutions  to  energy  problems. 

3.  One  such  solution  suggested  is  to  increase  the  efficiency  of  usage  of  non-renewable 
energy  sources. 

a.  What  four  major  sectors  were  discussed  where  an  improvement  in  efficiency  of 
energy  usage  could  be  made? 
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b.  Why  is  an  increase  in  efficiency  only  a band-aid  solution? 

c.  What  benefit,  other  than  that  of  buying  more  time,  is  there  to  increasing 
efficiency  in  energy  usage? 


4.  What  appears  to  be  the  best  solution  to  the  crisis  looming  in  the  energy  future? 


Do  at  least  one  of  the  following  questions. 

1.  Unless  energy  consumption  patterns  are  changed,  a crisis  will  inevitably  develop. 
What  would  be  your  recommendations  for  the  attainment  of  a sustainable  energy 
environment. 

2.  Energy  for  the  future  seems  to  rest  on  the  development  of  alternate  sources  of 
renewable  energy.  These  may  include  solar,  wind,  geothermal,  tidal,  or  nuclear 
fusion.  Do  library  research  on  one  of  these  alternate  energy  sources  and  write  a 
report  on  the  resource  you  choose. 


Check  \’our  answers  by  turning  to  the  Appendix>  Section  3:  Enrichment. 


Conclusion 


In  this  section  you  identified  several  problems  and  analysed  several  proposed  solutions 
in  an  attempt  to  ensure  a sustainable  environment! 


You  have  seen  that  substantial  progress  has  been  made  in  the  area  of  increasing 
efficiency  in  the  use  of  non-renewable  energy  resources.  However,  much  remains  to  be 
done  in  the  area  of  alternative  energy  use.  It  is  this  area  of  energy  sources  which  must 
be  exploited  if  sustainable  development  on  the  planet  Earth  is  to  be  achieved. 


ASSIGNMENT  \ 


Turn  to  your  Assignment  Booklet  and  do  the  assignment  for  Section  3. 
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MODULE  SUMMARY 


The  major  theme  of  Module  8 was  energy— from  supply  to  demand. 

In  Section  1 you  identified  all  the  known  sources  of  energy  from  the  sun,  whether  they 
were  renewable  or  non-renewable.  You  also  determined  both  mathematically  and 
experimentally  the  amount  of  energy  released  by  a given  amount  of  paraffin. 

In  Section  2 you  identified  all  the  known  sources  of  non-renewable  and  renewable 
non-solar  energy  and  analysed  how  humans  are  attempting  to  exploit  non-solar  energy 
sources. 

In  the  final  section  you  not  only  identified  the  advantages  and  disadvantages  of  each 
source  and  revealed  many  environmental  problems,  but  by  analysing  consumption 
patterns  you  revealed  the  most  serious  problem  of  all  which  will  lead  to  an  energy  crisis. 
The  conclusion  of  the  section  introduces  you  to  several  solutions  proposed  in  attempts  at 
attaining  sustainable  development. 
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COURSE  SURVEY  FOR  SCIENCE  30 


Please  evaluate  this  course  and  return  this  survey  with  your  final  module  assignment.  This  course  is  designed 
in  a new  distance  learning  format,  so  we  are  interested  in  your  responses.  Your  constructive  comments  will  he 
greatly  appreciated,  as  future  course  revisions  can  then  incorporate  any  necessary  improvements. 

Name  Age  □ under  19  □ 19  to  40  □ over  40 

Address  File  No.  

Date  


Design 

1.  This  course  contains  a series  of  student  module  booklets.  Do  you  like  the  idea  of  separate  booklets? 


2.  Have  you  ever  enrolled  in  a correspondence  or  distance  learning  course  that  arrived  as  one  large  volume? 
□ Yes  □ No  If  yes,  which  style  do  you  prefer? 


3.  The  student  module  booklets  contain  a variety  of  self-assessed  activities.  Did  you  find  it  helpful  to  be  able  to 
check  your  work  and  have  immediate  feedback? 

□ Yes  □ No  If  yes,  explain. 


4.  Were  the  questions  and  directions  easy  to  understand? 
□ Yes  □ No  If  no,  explain. 


Science  30 


1 


Course  Survey 


5.  Each  section  contains  follow-up  activities.  Which  type  of  follow-up  activity  did  you  choose? 

□ mainly  extra  help 

□ mainly  enrichment 

□ a variety 

□ none 

Did  you  find  these  activities  beneficial? 

□ Yes  □ No  If  no,  explain. 


6.  Did  you  understand  what  was  expected  in  the  assignment  booklets? 
□ Yes  □ No  If  no,  explain. 


7.  The  course  materials  were  designed  to  be  completed  by  students  working  independently  at  a distance.  Were 
you  always  aware  of  what  you  had  to  do? 

□ Yes  □ No  If  no,  provide  details. 


8.  This  course  may  include  drawings,  photographs,  and  charts, 
a.  Did  you  find  it  helpful  to  have  these  visuals? 

□ Yes  □ No  Comment  on  the  lines  below. 


b.  Did  you  find  the  variety  of  visuals  motivating? 

□ Yes  □ No  Comment  on  the  lines  below. 
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9.  Suggestions  for  audiocassette  and  videocassette  activities  may  have  been  included  in  the  course.  Did  you 
make  use  of  these  media  options? 

□ Yes  □ No  Comment  on  the  lines  below. 


Only  students  enrolled  in  a Junior  High  course  need  to  complete  the  following  question. 

10.  Students  are  often  directed  to  work  with  their  learning  facilitator.  How  well  did  you  work  as  a team? 
Student’s  comments:  


Learning  Facilitator’s  comments: 


Course  Content 

1 . Was  enough  detailed  information  provided  to  help  you  learn  the  expected  skills  and  ojectives? 
' □ Yes  □ No  Comment  on  the  lines  below. 

I 

.1  

I 

j 2.  Did  you  find  the  work  load  reasonable? 

I □ Yes  □ No  If  no,  explain. 
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3.  Did  you  have  any  difficulty  with  the  reading  level? 


□ Yes  □ No  Please  comment. 


4.  How  would  you  assess  your  general  reading  level? 

□ poor  reader  □ average  reader  □ good  reader 

5.  Was  the  material  presented  clearly  and  with  sufficient  depth? 

□ Yes  □ No  If  no,  explain. 


General 

1 . What  did  you  like  least  about  the  course? 


2.  What  did  you  like  most  about  the  course? 


Additional  Comments 
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Only  students  enrolled  with  the  Alberta  Distance  Learning  Centre  need  to  complete  the  remaining 
questions. 

1.  Did  you  contact  the  Alberta  Distance  Learning  Centre  for  help  or  information  while  doing  your  course? 

□ Yes  □ No  If  yes,  approximately  how  many  times?  

Did  you  find  the  staff  helpful? 

□ Yes  □ No  If  no,  explain. 


2.  Were  you  able  to  fax  any  of  your  assignment  response  pages? 

□ Yes  □ No  If  yes,  comment  on  the  value  of  being  able  to  do  this. 


3.  If  you  mailed  your  assignment  response  pages,  how  long  did  it  take  for  their  return? 


I 

I 4.  Was  the  feedback  you  received  from  your  correspondence  or  distance  learning  teacher  helpful? 
‘ □ Yes  □ No  Please  comment. 

I 


i 

Thanks  for  taking  the  time  to  complete 
I this  survey.  Your  feedback  is  important 
; to  us.  Please  return  this  survey  with  your 
final  module  assignment. 
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Instructional  Design  and  Development 
Alberta  Distance  Learning  Centre 
Box  4000 
Barrhead,  Alberta 
T7N  1P4 
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Glossary 


binding  energy:  the  energy  required  to  separate  a 
nucleus  into  its  component  parts 

biomass:  organic  matter  such  as  tissues  from  plants 
and  animals 

endothermic  reaction:  a reaction  in  which  the  energy 
content  of  the  final  products  is  more  than  the 
energy  content  of  the  initial  reactants,  thus  energy 
is  absorbed 

energy:  the  ability  to  do  work 

exothermic  reaction:  a reaction  in  which  the  energy 
content  of  the  final  products  is  less  than  the  energy 
content  of  the  initial  reactants,  thus  energy  is 
released 

fission:  complex  nuclei  break  apart  into  smaller 
components  and  release  energy 

fusion:  nuclei  join  together  to  form  a larger  nucleus, 
usually  with  the  release  of  energy 

geothermal  energy:  energy  that  originates  from 
within  Earth 


heat  content  (enthalpy)  (H):  the  total  amount  of 
energy  contained  by  a substance  under  certain 
conditions 

heat  of  formation  AH  ^ : the  energy  released  or 
absorbed  during  a chemical  reaction  in  which  a 
chemical  compound  is  formed 

heat  of  reaction  AH  : the  energy  released  or 

absorbed  during  a chemical  reaction  of  chemical 
substances  under  standard  conditions 

mass  defect:  the  difference  between  the  mass  of  a 
nucleus  and  the  mass  of  its  component  parts 

strong  nuclear  force:  a short-range  force  that  attracts 
the  nucleons  to  hold  the  nucleus  together 

sustainable  environment:  an  environment  which  will 
not  compromise  the  future  survival  of  living 
things  while  providing  present  needs 

tidal  energy:  energy  created  by  the  movement  of  the 
ocean  tides 


— Suggested  Answers 


Section  1 : Activity  1 


: ' ^ 

..  -t..  ... 

HISTORICAL  SOURCES  OF  ENERGY 

^ . . „ 't- 

, ...  .... 

Approximate  Date 

Necessity 

Available  Energy 
Source 

More  than  1 00  000 
years  ago 

Primitive  human's  basic  need  was 
energy  to  provide  warmth  and  maintain 
food  supply. 

sun 

Around  1 00  000 
years  ago 

Humans  utilized  fire  as  a source  of 
energy. 

wood  and  biomass 
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Around  1 0 000  to 
7000  years  ago 

As  humans  began  to  group  into  larger 
societies,  muscie  power  was  needed  for 
building,  for  agricuiture,  and  for  making 
weapons. 

human  labour  and 
animals 

Around  7000 
years  ago 

As  societies  became  more  complex, 
energy  was  needed  to  drive  the  simple 
machines  that  replaced  human  labour 
and  animals. 

water  and  wind 

Around  400 
years  ago 

The  depletion  of  wood  and  other 
biomass  necessitated  the  quest  for 
another  energy  source  to  provide  heat 
and  fuel  more  complex  machines. 

coal  and  peat 

2.  a.  The  term  renewable  energy  sources  is  applied  to  these  historic  sources  of  energy. 

b.  These  sources  of  energy  are  called  renewable  energy  sources  because  they  were  continually  available  or 
easily  replenished. 

3.  a.  The  Industrial  Revolution,  in  the  1700s,  introduced  the  mass  production  of  goods  in  large  factories  run  by 

machines  all  relying  on  an  available  energy  source. 

b.  Initially  the  energy  source  was  coal,  then  oil,  and  then  natural  gas. 

c.  These  new  energy  sources  are  called  non-renewable  energy  sources. 

d.  These  energy  sources  are  called  non-renewable  energy  sources  because  they  are  limited  or  finite  and 
irreplaceable. 

4.  These  energy  sources  are  related  because  they  all  originate  from  the  sun. 

Section  1 : Activity  2 


RENEWABLE  SOLAR  ENERGY  SOURCES 

Examples  of  the 
utilization  of  solar 
energy 

What  type  of  energy  is 
being  exploited  in  each 
example? 

Is  this  an  example  of  direct 
or  indirect  exploitation  of  solar 
energy? 

greenhouse 

sun  (radiant  solar  energy) 

direct 

windmili 

wind 

indirect 

waterwheei 

water 

indirect 

fireplace  burning  wood 

biomass 

indirect 
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2.  The  sun's  life  span  is  expected  to  last  another  5 billion  years;  therefore,  it  is  considered  a renewable  energy 
source. 

3.  The  energy  in  wind,  water,  and  biomass  all  originate  from  the  sun  as  indicated  in  the  following: 

• Wind:  The  solar  energy  creates  unequal  heating  of  surfaces  on  Earth  causing  convection  currents  of  air. 

• Water:  The  solar  energy  creates  the  hydrological  cycles  causing  the  movement  of  water. 

• Biomass:  The  solar  energy  is  the  driving  energy  for  photosynthesis,  which  causes  plant  growth. 

4.  Only  about  of  the  solar  energy  reaching  Earth  is  exploited. 

5.  a.  ii  b.  i c.  iv  d.  v e.  vi  f.  hi 

6.  Any  technique  to  capture  solar  energy  must  perform  the  following  three  basic  functions: 

• capture  the  sun's  heat 

• store  the  energy  for  later  use 

• distribute  the  energy  to  where  it  is  needed 

7.  a.  Diagram  A shows  passive  solar  heating. 

Diagram  B shows  active  solar  heating. 


MATERIALS  USED  FOR  SOLAR  HEATING  SYSTEMS 

Part  of 
House 

What  type  of  material  is 
best  suited  for  this  part? 

What  happens  to  radiant  solar 
energy  as  it  hits  this  material? 

1 

window  glass,  plexiglass 

Radiant  energy  passes  through 
into  the  house. 

II 

an  insulating  material  such  as 
wood  with  insulation 

Radiant  energy  is  trapped  inside 
the  house. 

III 

concrete,  brick,  stone,  or  tile 

Radiant  energy  is  absorbed  and 
converted  to  thermal  energy  which 
heats  the  air. 

IV 

an  insulating  material  such  as 
wood  with  insulation 

Radiant  energy  is  trapped  inside 
the  house. 

V 

air  circulation  in  passive  system, 
water  or  antifreeze  in  solar 
collectors  in  active  system 

Radiant  solar  energy  is  distributed 
throughout  the  house. 

VI 

an  insulating  material  such  as 
wood  with  insulation 

Radiant  energy  is  trapped  inside 
the  house. 
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Diagram  A 

Diagram  B 

Radiant  energy  passes  through  the  glass  and  is 
absorbed  by  walls  and  floor  and  reemitted  as 
thermal  energy  with  a longer  wavelength  which 
cannot  escape. 

Energy  is  captured  the  same  way  as  in 

Diagram  A,  but  it  also  has  solar  collectors  which 
can  capture  radiant  energy. 

Radiant  energy  is  stored  in  the  stone,  brick, 
concrete,  or  tile  floors  and  walls. 

Major  storage  is  the  same  as  in  Diagram  A,  but  it 
also  stores  energy  in  the  fluid  inside  the  solar 
collectors. 

Distribution  to  storage  by  air  circulation,  which 
may  include  fans  and  duct  systems,  occurs. 

Energy  released  by  radiating  stored  energy  as 
thermal  energy. 

Distribution  is  through  mechanical  devices  to 
circulate  the  fluid  in  collectors  to  storage.  Energy 
released  by  radiating  stored  energy  as  thermal 
energy. 

8.  Greenhouse  Effect:  Radiant  energy  from  the  sun  passes  through  the  atmosphere  and  is  absorbed  by  Earth's 
surface  and  is  re-emitted  as  thermal  energy  of  a longer  wavelength  which  cannot  pass  through  the 
atmosphere  back  into  space.  This  trapped  thermal  or  infrared  heat  energy  is  then  absorbed  by  the  air  which 
causes  convection  air  currents  or  wind. 


Passive  Solar  Heating:  Radiant  solar  energy  passes  through  the  windows  of  a house  and  is  absorbed  by  the 
walls  and  floor  and  is  re-emitted  as  thermal  energy  of  a longer  wavelength  which  cannot  pass  back  through 
the  glass  into  the  atmosphere.  This  trapped  thermal  energy  is  absorbed  in  the  air  of  the  house  and  heats  the 
house  by  convection  air  currents. 


9.  According  to  Visions  3,  the  photoelectric  effect  was  discovered  by  Edmond  Becquerel  in  1839.  Note:  Other 
textbooks  credit  Hertz  in  1887  with  the  discovery  of  the  photoelectric  effect. 


10.  Solar  collectors  convert  radiant  solar  energy  to  electrical  energy. 

11.  Photovoltaic  cells  can  supply  electrical  power  for  remote  telecommunications,  spacecraft,  homes,  and 
cottages;  for  monitoring  and  sensing  equipment;  for  calculators;  and  for  power  stations. 
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b.  A pure  layer  of  silicon  is  doped  by  adding  another  element. 

c.  Doping  by  different  elements  causes  one  layer  of  silicon  to  collect  a negative  charge  and  the  other  a 
positive  charge. 

d.  An  electric  field  is  created  between  the  layers. 

e.  If  the  photons  of  EMR  have  enough  money  when  they  strike  electrons  in  the  silicon  layer,  the  electrons 
are  knocked  off  the  atoms  and  travel  through  the  electric  field  creating  a current. 

f.  The  electrons  will  flow  from  negative  to  positive  as  shown  in  the  diagram  in  12. a. 

13. 


Note:  Answers  will  vary  depending  on  the  area  of  your  photovoltaic  cell  and  the  sun  intensity.  In  this  case  the 
measurements  were  made  when  the  sun  was  bright  enough  to  push  the  cell  to  its  maximum  output. 

14.  One  factor  that  affected  the  output  of  a photovoltaic  cell  was  the  type  of  light  (colour  of  filter  used)  that 
struck  the  cell. 

15.  Other  factors  that  affect  output  could  be  the  angle  at  which  the  light  strikes,  the  type  of  cell,  and  the  intensity 
of  the  light. 

16.  In  direct  sunlight  it  would  take 

1 cell  _ n 
0.524  V “ 120  V 

n = 229 

You  would  need  229  similar  cells. 

17.  Photovoltaic  cells  would  be  most  beneficial  in  areas  that  have  intense  sunlight  available,  but  do  not  have 
access  to  moving  water  for  hydro-electric  energy. 

18.  Wind,  water,  and  biomass  use  sunlight  indirectly. 
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19.  a.  radiant  c.  kinetic  e.  electrical 

b.  thermal  d.  mechanical 

20.  A:  Radiant  energy  from  the  sun  is  absorbed  by  Earth's  surface  and  re-emitted  to  the  air  as  thermal  energy. 
B:  The  thermal  energy  is  absorbed  by  air  causing  it  to  move  as  convection  currents,  (kinetic  energy) 

C;  The  moving  air  (wind)  causes  the  windmill  to  turn  creating  mechanical  energy. 

D;  The  mechanical  energy  causes  the  generator  to  create  an  electrical  current  carrying  electric  energy. 

21.  Southern  Alberta  has  some  wind  for  353  days  of  the  year. 


22.  a.  radiant  c.  kinetic  e.  electrical 

b.  thermal  d.  mechanical 

23.  A:  Radiant  energy  is  absorbed  by  Earth's  surface  and  is  re-emitted  as  thermal  energy  which  heats  and 

evaporates  water. 

B:  The  rain  collects  in  rivers  which  flow,  changing  potential  energy  to  kinetic  energy. 

C:  The  moving  water  turns  a turbine  converting  kinetic  energy  to  mechanical  energy. 

D:  The  mechanical  energy  is  converted  to  electrical  energy  in  a generator. 


24.  Small  - less  than  15  000  000  watts  of  electricity 
Mini  - less  than  1 000  000  watts  of  electricity 
Micro  - less  than  100  000  watts  of  electricity 


25.  Advantages  of  small-scale  hydrogenerators  include  the  following: 

• No  dam  is  necessary;  water  can  be  diverted  into  a pipe  or  channel  to  the  turbine. 

• Environmental  impact  is  minimal. 

• The  site  can  be  developed  quickly. 

26.  a.  radiant  b.  biomass  c.  heat 

27.  A:  Radiant  energy  from  the  sun  is  captured  by  plants  during  photosynthesis  to  produce  chemical  energy. 
B:  Biomass  or  chemical  energy  is  converted  to  heat  energy  by  burning  (oxidation). 

28.  Simple  Combustion:  The  burning  of  biomass  is  used  for  heating  or  producing  electricity. 

Thermochemical  Conversion:  Biomass  is  heated  and  converted  to  other  fuels  such  as  methanol  which  can 
be  used. 


Biochemical  Conversion:  It  uses  enzymes  and  microorganisms  to  produce  alternate  fuels  such  as  ethanol. 

29.  The  factor  that  determines  which  form  of  indirect  solar  energy  would  have  the  greatest  potential  in  a given 
location  is  availability  of  energy  form. 

30.  The  major  advantages  of  using  the  various  forms  of  captured  solar  energy  is  that  they  are  clean,  reduce 
pollution,  and  are  renewable. 
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Section  1 : Activity  3 

1.  The  energy  sources  commonly  used  before  the  1700s  were  renewable  energy  sources  like  solar,  wind,  water, 
tidal,  and  biomass  energy. 

2.  The  Industrial  Revolution  initiated  a change  in  the  type  of  energy  used. 

3.  The  energy  sources  included  finite  and  irreplaceable  non-renewable  sources  such  as  coal,  oil,  and  gas. 

4.  The  type  of  technology  introduced  in  the  1700s  relied  on  a different  source  of  energy. 

5.  These  fuels  were  transformed  from  plants  which  were  produced  by  solar  energy  millions  of  years  ago. 

6.  a.  photosynthesis 

b.  + solar  energy -^6  0 2(g)  + 

c.  i.  Coal  was  formed  from  plants  by  heat,  pressure,  and  other  unknown  processes.  Oil  and  gas  were 

formed  mainly  from  marine  organisms  by  heat,  pressure,  and  other  unknown  processes. 

ii.  • dead  organic  material  • pressure 

• heat  • other  unknown  processes 

d.  This  stored  energy  can  be  released  by  combustion  reactions  or  burning  in  the  presence  of  O 2 • 

e.  Energy  in  the  form  of  light  and  heat  is  released. 

f.  Humans  use  this  energy  to  heat  air  or  water,  produce  electricity,  or  run  engines. 

7.  The  law  that  allows  you  to  measure  the  amount  of  energy  in  a substance  is  the  law  of  conservation  of 
energy.  It  states  that  during  a chemical  reaction  energy  is  neither  created  nor  destroyed,  only  changed  from 
one  form  to  another. 

8.  The  symbol  used  to  indicate  standard  conditions  is  °. 

9.  H would  be  the  heat  content  of  a substance  under  standard  conditions  of  25°C  and  1 atm  of  pressure. 

10.  No,  energy  in  a chemical  reaction  cannot  be  measured  directly. 

11.  This  energy  can  be  measured  by  measuring  changes  in  heat  content  after  a chemical  reaction  has  occurred. 

12.  a.  The  chemical  reaction  in  Reaction  1 is  a formation  reaction. 

b.  This  reaction  is  exothermic  since  the  heat  of  formation  | H ^ j is  given  as  negative. 

c.  There  were  two  moles  of  H ^ O / ^ formed  in  Reaction  1. 

2 (g) 
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d.  AH°  =-241.8  — ^x2  mol  = -483.6  kj 

^ mol 

The  total  energy  released  in  Reaction  1 is  483.6  kJ. 

e.  1 moleofH20^g^  = 2(moles  of  H)  + l(mole  of  O) 

= 2(1.01  g/mole)  + l(  16.00  g/mole) 

= 2.02  g + 16.00  g 
= 18.02  g 


Since 


1 mole  of  H 2 O ^ ^ moles 

18.02  g 10.0  g 

n = 0.55494  moles 


Therefore  10.0  g of  H ^ O / ^ is  0.555  moles. 

^ 2 (g) 

Calculate  the  energy  released  as  follows. 

-241.8  kj_  AH° 

1 mole  0.55494  moles 
.•.AH°  =-134  kJ 


The  amount  of  heat  released  when  10.0  grams  of  H 2 O ^ ^ ^ is  produced  is  134  kJ. 

f.  The  chemical  reaction  in  Reaction  2 is  a decomposition  reaction. 

g.  The  chemical  reaction  in  Reaction  2 is  endothermic,  since  the  AH  ^ is  given  as  positive. 

h.  Two  moles  of  H 2 O ^ ^ ^ are  decomposed  in  Reaction  2. 

i.  1 mole  requires  241.8  kJ 

2 moles  require  2 x 241.8  kJ  = 483.6  kJ 

The  total  energy  absorbed  in  Reaction  2 is  483.6  kJ. 

13.  a.  If  the  sum  of  energy  of  the  products  is  greater  than  the  sum  of  the  energy  of  the  reactants,  then  energy  is 
absorbed  by  the  reaction  or  must  be  supplied  for  the  reaction  to  proceed. 

b.  This  chemical  reaction  is  called  an  endothermic  reaction. 
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c.  This  energy  comes  from  the  surroundings  or  a heat  source. 

14.  a.  If  the  sum  of  the  energy  of  the  products  is  less  than  the  sum  of  the  energy  of  the  reactants,  then  energy 

must  be  released. 

b.  This  chemical  reaction  is  called  an  exothermic  reaction. 

c.  The  excess  energy  is  released  as  heat  and  light. 

15.  Textbook  question  l.a.: 

Heat  of  combustion  of  1 mol  of  paraffin 


Step  1:  Write  the  balanced  chemical  equation  for  the  reaction. 


4(g)  2(g^ 


2 H 2 O , ,.  + CO  , 

2 (g)  2(g 


Step  2:  ah;  = (produc)  -Z^f°(,eacta„,s) 

steps:  =AH;  ]-AH;  + 20,, 

= [2  mol(-241.8kJ/mol)  + l mol(-393.5  kj/mol)] 

- [ 1 mol  ( - 74.4  kj /mol ) + 2 mol  ( 0 ) ] 

= [(-483.6)  + (-393.5)]kJ-(-74.4kj) 

- -877.1  kJ  + 74.4  kJ 
= -802.7  kJ 


The  heat  of  combustion  of  one  mole  of  CH 


4(g) 


is  -802.7  kJ. 


Heat  of  combustion  of  1 g of  paraffin 


CH4  = 16.04  g/mol 


AH, 


-802.7^ 


16.05 


g 

mol 


= 50.01^ 

g 


Initial  Mass  of 
Candle  m.  (g) 

Final  Mass  of 
Candle  m,  (g) 

Mass  of 
Water  (m^) 

Initial  Temperature 
ofH,0„,CC) 

Final  Temperature 
ofH,o,„r,(°c) 

10.360  g 

10.238  g 

100.0  g 

15.2°C 

25.2°C 

86 


Appendix 


calculating  the  heat  produced  by  a candle 

Calculated 
temperature 
change  of  water 

AT  = T^  -r, 

Mass  of  water 
added  to 
beaker  (g) 

Specific  heat  capacity 

(c)  for  water  from 

page  370  of  your 
textbook 

Calculated  heat 
provided  by  candle 
using  AH  = me  AT 

AT  = Tf  -T. 

= 25.2°  C- 15.2°  C 

= 10.0°C 

100.0  g 

4.19J/g°C 

AH  = mcAT 

= (100.0 g)( 4.19  J/g“C)(10.0°C) 
= 4190  J 

18.  Am  = mf  -m. 

= 10.238  g- 10.360  g 

= 0.122  g 

Therefore,  0.122  g of  candle  was  burned. 

19.  If  352.8  g of  candle  = 1 mole,  then  0.122  g of  candle  is  = 3.4580  x 10  mole . 


Therefore,  3.46x10  mol  of  candle  was  burned. 


20. 


Since  the  heat  supplied  was  4.19  kj,  and  since  3.46  x 10  ^ 
combustion  was  — 12117-^  or  -1.21x10' 

3.4580x10“^  mol  "'o* 


mol  of  candle  was  burned,  then  the  molar  heat  of 

: 

mol  ' 


21.  X ^ f ( products  ) X ^ f ( reactants  ) 

= ah;  [25C0,(^)  +26H,0(^)  ]-AH;  [iC,3H3,(^)  +320, ] 

= [25  mol  (-393.5^) + 26  mol(-241.8^)] 

-[lmol(-744.3^)  + 32mol(0^)] 

= [-9837.5  + (-6286.8)]kJ-(-744.3kj) 

= -16 124.3  kJ  + 744.3  kJ 
= -16  868.6  kJ  or  -1.69x10^  kJ 

The  experimental  value  in  question  20  was  - 1.21  x 10  ^ kJ . This  is  about  three-quarters  of  the  actual  value. 

22.  There  is  such  a large  difference  between  the  experimental  value  and  the  calculated  value  because  much  of 
the  heat  from  the  candle  was  due  to  incomplete  combustion,  to  evaporation  of  the  water  as  it  was  heated, 
and  to  the  air. 


Science  30:  Module  8 


23.  Coal  would  be  the  most  efficient  since  it  would  provide  the  most  heat  per  mole. 

Section  1 : Follow-up  Activities 
Extra  Help 

1.  Renewable  sources  are  infinite  or  easily  replenished,  while  non-renewable  resources  cannot  be  easily 
replenished. 


2.  a.  renewable 

b.  renewable 

c.  renewable 

d.  renewable 

3.  a.  direct 

b.  indirect 


e.  non-renewable 

f.  non-renewable 

g.  non-renewable 


c.  indirect 

d.  direct 


4.  a.  H - total  heat  content  of  a substance  (enthalpy) 

b.  H - total  heat  content  of  a substance  under  standard  conditions  (25°C  and  1 atm  of  pressure) 

c.  AH  f - the  heat  of  formation  of  a substance  under  standard  conditions 

d.  AH  ° - the  heat  of  reaction  under  standard  conditions 


5.  Oxygen  O ^ ^ g ^ j is  a necessary 


reactant,  and  carbon  dioxide  CO 


2(g) 


and  water  H ^ O / n are 


produced. 

Enrichment 


1.  C^H^2(1) 


6CO_/  N -i-bHnO/  N 

2(g)  2 (g) 


Heat  of  combustion  for  C H ^ \ 
6 12(1) 


f reactants 


-AHJ6CO,,  . + 6H,0,  J-AH. 

^ ' 2(g)  2 (g)  J f 


^^6^12(1)  ^^2(g; 


= [6 mol(-393.5  kJ/mol)-t-6 mol(-241.8  kJ/mol)]-[l mol(- 156.4  kj/mol)] 
= [-2361  kJ  + (-1451kj)]-[-156.4  kj] 

= -3655.4  kJ 
= -3.655x10^  kJ 
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Number  of  moles  in  10.0  g of  cyclohexane 

ImolC^H^^  ^nmol 
84.2  g 10.0  g 

71  = 0.119  mol 

Heat  of  combustion  of  10.0  g of  cyclohexane 


1 mol  of  C ^ H ^2  releases  3.655  x 10  kj 


0.119  mol  of  C ^ H 22  releases 


3.655x10^  kj/mol  (0.119  mol) 
= 4.34x10^  kJ 


The  heat  of  combustion  of  10.0  g of  C ^ H ^2  is  4.34  x 10  ^ kJ . 

Note:  The  total  number  of  digits  for  each  part  has  been  carried  in  the  calculator. 

2.  Answers  may  vary  but  should  include  the  following: 

• an  active  solar  heating  system  with  solar  collectors  to  heat  the  home 

• photocells  to  generate  electricity  to  operate  all  electrical  devices 

• photocell-operated  automobiles 

3.  Renewable  solar  energy  sources  could  include 

• radiant  solar  energy  • wind 

• water  • biomass 

The  only  possible  source  of  energy  would  be  wind  since  solar  energy,  water,  and  biomass  are  not  available 
year  round. 

4.  Answers  will  vary  but  your  report  could  include  information  on  the  following: 

• type  of  system(s)  used 

• how  the  house  takes  advantage  of  the  sun 

• type  of  heat  storage  used 

• how  well  the  house  is  insulated 

• type  of  backup  heat  used 

• cost  per  square  metre 

• cost-recovery  analysis 

Section  2:  Activity  1 

1.  Nuclear  energy  is  the  energy  associated  with  reactions  inside  the  nucleus  of  an  atom. 

2.  Nuclear  energy  is  released  in  the  form  of  penetrating  rays. 

3.  Elements  that  release  nuclear  energy  are  called  radioactive  elements. 
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4.  The  emitted  rays  or  particles  are  called  radiation. 


COMPARISON  OF  REACTIONS 

Type  of 
Reaction 

What  part  of  the 
atom  is  the  reaction 
occurring  In? 

What  is  changed  in  the 
» atom  after  the 
reaction? 

How  much  energy  is 
released  in  each 
reaction? 

Phase 

Change 

Reaction 

occurs  outside  the  atom 
when  a chemical 
changes  from  a liquid 
to  a gas  or  solid 

bonding  between 
molecules 

10^-10^  kj/mol 

Chemical 

Reaction 

involves  the  exchange 
of  the  outermost 
electron  between  two  or 
more  atoms 

the  atom  has  either 
gained  or  lost  electrons 

10^-10^  kj/mol 

Nuclear 

Reaction 

involves  the  nucleus  of 

an  atom 

the  nucleus  will  have 
lost  or  gained  radiation 

10®-10“kJ/mol 

6.  Nuclear  energy  can  be  used  for  fueling  power  plants,  sterilizing  medical  supplies,  diagnosing  and  treating 
illnesses,  and  irradiating  food. 

7.  Three  types  of  nuclear  reactions  are  radioactive  decay,  fission  reactions,  and  fusion  reactions. 

8.  These  mysterious  emissions  were  called  cathode  rays. 

9.  Some  of  the  properties  demonstrated  by  these  rays  are  as  follows: 

• have  all  the  properties  of  light  waves 

• are  bent  by  a magnetic  field 

• are  bent  by  an  electric  field 

• can  ionize  a gas 

• cannot  travel  far  in  air 


Faraday’s  Rays 

Roentgen’s  Rays 

Name  of  rays 

cathode  rays 

x-rays 

Could  the  rays  be 
bent  by  electric  or 
magnetic  fields? 

Yes 

No 

Were  these  rays  nuclear 
radiation? 

No 

No 

11.  He  wanted  to  see  if  they  were  similar  to  Faraday's  or  Roentgen's  rays. 
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12.  The  Becquerel  rays  were  much  more  penetrating  and  were  given  off  continuously. 

13.  Marie  Curie  called  these  substances  radioactive. 


14.  Rutherford  discovered  that  there  were  three  types  of  radiation:  alpha  {a),  beta  ((5),  and  gamma  ( d ) . 


15.  gamma 


radioactive 

substance 


16.  The  beta  and  alpha  types  of  radiation  consist  of  charged  particles  that  can  be  deflected  by  a magnetic  field. 
The  hand  rules  for  force  applied  to  the  previous  diagram  indicate  that  the  alpha  particles  have  a positive 
charge  while  the  beta  particles  have  a negative  charge.  Gamma  radiation  is  a type  of  electromagnetic  wave 
that  carries  no  charge  and  is  therefore  not  deflected  by  a magnetic  field. 


- COMPARING  THREE  TYPES  OF  RAblATIOli 

Alpha 

Beta 

Type  of  Particle 

particle  with  2 protons 
and  2 neutrons 

an  electron 

not  a particle  but  a proton 

Relative  Mass 

similar  to  the  He  nucleus 

similar  to  an  electron 

no  mass 

Speed 

slowest  speed  of  the 
three  particles 

high  speed 

speed  of  light 

Penetrating  Ability 

can  be  stopped  by 
a sheet  of  paper 

stopped  by  wood 

very  penetrating 

Description  and 
Explanation  of  Cloud 
Chamber  Tracks 

Alpha  particles  are  the 
largest  so  the  tracks  are 
short  and  thick,  (travels 
only  a few  centimetres) 

Beta  particles  are  much 
smaller  so  they  travel 
farther  and  have  a long, 
thin  track. 

Gamma  ray  photons 
have  no  mass  so  tracks 
are  straight  and  difficult 
to  see. 

18.  Transmutation  occurs  when  the  nucleus  of  one  element  changes  causing  the  element  to  change  into  another 
element. 
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19.  The  identity  of  an  atom  is  determined  by  the  number  of  protons  | p j in  the  nucleus. 

20.  The  number  of  neutrons  in  the  nucleus  can  vary  forming  isotopes  of  the  same  element. 

21.  ^ mass  number  - the  number  of  protons  and  neutrons  in  a nucleus 

iLi 

atomic  number  - number  of  protons  as  well  as  the  number  of  electrons  in  an  atom 


22.  In  a chemical  reaction  the  same  elements  are  present  before  and  after  the  reaction,  but  in  a radioactive  decay 
new  elements  are  formed  after  radioactive  decay. 


23.  a.  “Rn 


alpha  particle 
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24.  A stable  nucleus  is  one  that  stays  the  same  indefinitely. 

25.  No,  the  strong  nuclear  force  is  always  attractive  at  short  distances. 

26.  The  attractive  strong  nuclear  force  can  only  act  between  two  adjacent  protons  or  two  adjacent  neutrons.  If 
two  protons  are  separated  at  either  side  of  a large  nucleus,  then  there  is  no  strong  nuclear  attractive  force 
between  them,  but  rather  a force  of  electrostatic  repulsion. 

27.  As  the  nucleus  becomes  large,  protons  at  either  side  begin  to  repel  each  other  more,  due  to  the  repulsive 
electric  force  being  greater  than  the  nuclear  attractive  forces. 

28.  They  can  only  exert  a force  of  strong  nuclear  attraction. 

29.  Neutrons  exhibit  only  forces  of  attraction  and  thus  create  stability  in  the  nucleus. 

30.  The  elements  that  tend  to  be  unstable  are  those  with  a large  number  of  protons. 

31.  Textbook  question  1: 

a.  ™Po^^*Pb  + 2He 

b.  “Am^^jNp  + jHe 

c.  Th^^gRa  + jHe 

1 222  r,  , 218  -n  , 4 tt 

d.  Rn->  g4Po  + 2 He 

Textbook  question  2: 

a.  + 

1 234  T-u  V 234  .0 

C.  ^7g  Pt  ^79  Au  + e 
d.  + 

32.  a.  E-mc^ 

-(2.325  28x10"'^  kg -2.325 26x10"'^  kg)(3.00xl0^  m/s)' 

= 1.80x10"^^  J 

The  energy  released  from  this  decay  is  1.80  x 10  J . 
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b.  This  question  can  be  answered  by  using  a nuclear  equation. 

The  missing  reaction  product  must  have  an  atomic  mass  of  zero  and  a charge  of  - 1 . This  describes  the 
release  of  an  electron  through  beta  decay. 

6 yN  + _-^e 

33.  m = 

2.13  X 10  J 
(3.00x10^  m/s)^ 

= 2.37x10“^°  kg 

The  amount  of  mass  that  was  converted  to  create  the  gamma  ray  is  2.37  x 10  kg. 

34.  a.  E = mc^ 

= (3.818  32x10-"^  kg -3.817 53x10""^  kg)(3.00xl0^  m/s)^ 

= 7.11x10-^^  J 

The  energy  released  from  this  decay  is  7.11  x 10  J . 

b.  Beta  radiation  would  be  released,  as  shown  by  the  following  nuclear  equation. 

The  atomic  number  has  increased  by  1,  indicating  an  extra  proton.  The  mass  number  has  stayed  the 
same.  As  with  the  equation  in  question  32  in  this  activity,  a neutron  changed  into  a proton  and  an 
electron,  resulting  in  beta  radiation. 

35.  Enrico  Fermi  led  the  scientific  team  in  the  first  attempt  to  split  the  atom. 

36.  They  used  a high  speed  neutron. 

37.  a.  N J and  N 2 are  the  fission  fragments  or  the  two  new  elements. 

b.  “u  + ’n^“Ba+®Kr  + 3> 

c.  These  neutrons  could  collide  with  other  uranium  - 235  nuclei. 

d.  This  resulting  reaction  would  be  called  a chain  reaction. 
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38.  Textbook  question  2.a.: 

AE  = Amc  ^ 

- ( mass  of  products  - mass  of  reactants ) c ^ 

= [(massof  ^5°Sn  + massof  ^°4Ru  + 3(mass  of  ln))-(mass  of  n + mass  of 
= [ ( 129.886  26  + 106.885  98  + 3 ( 1 .008  67 ) ) x 10  kg/mol  - (1.008  67  + 239.000  6 ) x 10  kg/mol  ] x c ^ 

= (239.798  25x10”^  kg/mol -240.009  27x10”^  kg/mol) (3.00x10^  m/s)^ 

= -1.90x10^^  J/mol 

A£  = -1.90x10^^  J/mol 
Then  for  1 kg, 

-1.90x10^^  J/mol 

= T 

239.0006x10“^  kg/mol 

= -7.95x10^^  J/kg 

One  kg  of  plutonium  - 239  releases  7.95  x 10  J /kg  of  energy. 

39.  The  atomic  bomb  is  an  uncontrolled  nuclear  fission  reaction. 

40.  a.  An  example  of  a controlled  fission  reaction  is  in  a nuclear  reactor. 

b.  The  energy  released  during  nuclear  fission  in  a nuclear  reactor  is  used  to  heat  water  to  produce  steam 
which  can  turn  a turbine  and  produce  electricity. 


Component 

" Function 

Fuel  Bundles 

Natural  uranium  is  used  as  the  fuel  for  the  reaction. 

Moderator 
(Heavy  water) 

The  moderator  slows  down  the  fast-moving  neutrons  in  the  natural  uranium 
and  thus  keeps  the  fission  reaction  going. 

Control  Rods 

The  control  rods  control  the  rate  of  the  fission  reaction. 

Coolant 
(Heavy  water) 

The  coolant  has  two  functions.  First  it  picks  up  the  heat  generated  by  the 
fission  reaction  and  transfers  it  to  the  turbine.  Second,  the  coolant  prevents 
the  reactor  from  overheating. 

Shielding 

The  shielding  prevents  the  radiation  from  leaking  outside  the  reactor 
building. 
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41.  Nuclear  reactors  do  not  pollute  the  atmosphere  and  water  as  do  power  plants  that  operate  on  coal,  oil,  or 
natural  gas. 

42.  Total  mass  of  components  = ( mass  of  1 proton  + mass  of  1 neutron ) 

= ( 1.674 92x10“^^  kg + 1.673  53x10“^^  kg) 

= 3.348  45x10'^^  kg 

Mass  defect  = mass  of  components  - mass  of  nucleus 

= 3.348  45x10“^^  kg -3.344  32x10“^^  kg 
= 4.13x10“^°  kg 

E = mc^ 

= (4.13x10“^'^  kg) 

= 3.72x10“^^  J 

The  binding  energy  for  deuterium  is  3.72  x 10  J . 

43.  Mass  defect  = mass  of  components  - mass  of  products 

= (3.344  32x10“^^  kg + 5.008 26x10“^^  kg) -(6.646 46x10“^^  kg + 1.674 92x10“^^  kg) 

= 8.352  58x10“^^  kg -8.321 38x10“^^  kg 
= 3.12x10“^^  kg 

E = mc^ 

= (3.1200x10“^^  kg) (3.00x10^  m/s)^ 

= 2.81x10“^^  J 

The  energy  that  is  released  in  this  reaction  is  2.81  x 10  J. 

44.  No.  Although  many  projects  are  attempting  to  get  this  fusion  reaction  to  occur  in  a controlled  manner,  none 
have  been  successful  in  producing  more  energy  than  is  used. 

45.  Fission  involves  splitting  of  the  nucleus,  while  radioactive  decay  involves  giving  off  alpha  and  beta  particles. 

46.  The  purpose  of  the  moderator  is  to  control  the  rate  of  fission. 


3.00x10' 


m/s)' 
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47.  The  shield  in  a fission  reactor  is  made  of  several  metres  thickness  of  high  density  concrete.  The  purpose  of 
this  shield  is  to  prevent  the  high  velocity  radiation  from  passing  through  to  the  exterior  of  the  plant. 

48.  Deterium,  the  fuel  for  fusion,  can  be  readily  separated  by  hydrolysis  from  normal  water  available  in  the 
oceans. 

49.  The  torus  shape  has  no  ends  and  the  magnetic  field  provides  a container  in  which  the  plasma  will  not  touch 
the  sides.  The  plasma  must  be  contained  in  something  in  which  it  will  not  touch  the  sides,  because  if  the 
plasma  touches  the  sides  of  its  container  it  will  cool  instantly  and  no  fusion  reaction  will  result. 

50.  Fusion  has  far  less  radioactive  waste  and  the  radioactivity  of  these  wastes  lasts  only  a short  time. 

51.  Spent  fuel  rods  are  put  into  a coolant  (heavy  water)  for  a number  of  years  to  reduce  the  radioactivity  and 
then  stored  in  concrete  storage  buildings. 

52.  The  most  acceptable  method  of  disposing  of  radioactive  waste  is  to  bury  it  in  a stable  rock  formation  500  m 
to  1000  m below  the  surface. 

53.  Spent  fuel  rods  and  their  casings  make  up  high-level  radiation  materials,  while  clothing  and  instruments 
make  up  low-level  materials. 

54.  Underground  water  could  become  contaminated  if  there  are  radiation  leaks.  Future  volcanic  activity  could 
cause  water  to  seep  into  the  storage  area. 

55.  The  prediction  is  that  saving  conventional  energy  may  be  a more  viable  alternative  for  the  immediate  future 
than  building  large  scale  nuclear  power  plants. 

56.  The  advantages  of  nuclear  power  plants  are  that  smog  and  greenhouse  warming  are  not  pollution  problems. 
The  disadvantages  are  that  radioactive  wastes  that  have  to  be  stored  for  generations  are  produced  and  local 
areas  around  nuclear  power  plants  may  become  contaminated. 

Section  2:  Activity  2 

1.  a.  Temperature  of  Earth  increases  at  the  rate  of  25°C  for  each  kilometre  of  depth, 
b.  The  centre  of  Earth  is  about  480°C. 

2.  The  three  causes  of  Earth's  thermal  energy  are  as  follows: 

• Cosmic  Collisions:  As  Earth  was  being  formed  from  a cloud  of  cosmic  dust,  collisions  between  the 
cosmic  particles  created  heat. 

• Gravitational  Potential  Energy:  As  gravity  caused  Earth  to  collapse  within  itself  and  particles  fell 
towards  the  centre  of  Earth,  this  loss  of  potential  energy  was  converted  first  to  increased  kinetic 
energy  of  particles  which  then  collided  and  created  heat  energy. 

• Radioactivity:  Radioactive  elements  in  Earth's  interior  are  generating  heat. 

3.  About  1.1  X 10  J of  geothermal  energy  reach  the  surface  per  year. 

4.  Geothermal  energy  is  considered  a valuable  resource  because  it  is  such  a vast  renewable  resource. 
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5.  The  harvesting  of  geothermal  energy  could  occur  at  places  near  Earth's  surface  where  tectonic  plates  meet 
and  exhibit  concentrated  pockets  of  geothermal  energy. 

6.  Rainfall  seeps  through  the  surface  down  into  a permeable  layer  of  rock  where  the  water  is  heated  by  hot 
molten  rocks  below.  This  hot  water  then  rises  through  fissures  or  cracks  in  the  rocks  above. 

7.  • fumarole:  when  steam  comes  out  of  Earth's  surface 

• geyser:  when  steam  and  water  come  out  of  the  surface 

• hot  spring:  when  hot  water  comes  to  the  surface 

8.  a.  Italy:  Dry  geothermal  steam  operates  a power  plant  to  provide  electricity. 

b.  California:  Dry  geothermal  steam  operates  a large  electrical  generating  power  plant. 

c.  Iceland:  Warm  water  from  Earth  is  circulated  to  heat  homes. 

d.  Erance:  Warm  water  from  Earth  is  circulated  to  heat  apartments. 

e.  Ottawa:  Water  from  underground  is  piped  and  used  to  heat  and  cool  the  buildings  on  Carlton 
University  campus. 

f.  New  Mexico:  Water  is  pumped  into  hot  rocks  where  it  turns  into  steam  which  is  in  turn  pumped  up  and 
used  to  drive  steam  turbines. 

9.  The  four  forces  that  are  responsible  for  tides  are  gravitational  forces  of  the  sun,  gravitational  forces  of  Earth, 
gravitational  forces  of  the  moon,  and  kinetic  energy  due  to  Earth's  rotation. 

10.  The  force  relative  of  gravity  on  opposite  sides  of  Earth  is  not  as  dependent  on  mass  as  it  is  on  the  relative 
distances  of  the  sun  and  moon.  Since  the  moon  is  much  closer  to  Earth  than  the  sun,  then  the  difference  in 
the  force  of  gravity  on  opposite  sides  of  Earth  due  to  the  moon  is  more  significant. 

11.  a.,  b.  High  tides  and  low  tides  in  general  are  created  by  the  gravitational  attraction  of  the  moon  and  the 

rotation  of  Earth.  The  highest  tides  occur  near  the  equator. 


The  moon  pulls  Earth's  surface  water 
towards  the  moon. 


c.  Spring  tides  occur  when  the  sun  and  moon  are  highest  near  the  equator  in  line  with  Earth. 
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d.  Neap  tides  occur  when  the  sun  and  moon  are  at  right  angles  to  Earth  and  are  lower  at  the  equator  than 
spring  tides. 


sun 


12.  Tides  occur  every  12  h 25  min  rather  than  every  12  h due  to  the  motion  of  the  moon  around  Earth.  As  Earth 
rotates,  the  moon  also  revolves  around  Earth.  In  the  12  h period  of  rotation  the  moon  has  moved  part  way 
in  its  revolution  around  Earth. 

13.  The  difference  in  water  levels  between  high  tide  and  low  tide  is  called  the  tidal  range. 

14.  The  Bay  of  Fundy  in  Nova  Scotia  is  considered  as  the  world's  best  potential  tidal  power  site. 


METHODS  TO  HARNE^  TIDAL  ENERGY 

Method 

Discuss  briefly  how  this 
method  is  used  to  harness 
tidal  energy. 

Discuss  the  advantages 
or  disadvantages  of 
this  method. 

Single  Effect 

An  inlet  is  closed  with  a barrage  and 
is  filled  when  the  tide  comes  in. 

Water  is  slowly  returned  through 
sluices  which  turn  generators, 
creating  electricity. 

Electricity  can  only  be  generated 
twice  a day. 

Double  Effect 

This  is  the  same  as  single  effect,  but 
electricity  can  be  generated  when  the 
tide  comes  in  or  goes  out  with 
reversible  turbines. 

Electricity  can  be  generated  for  more 
hours  than  with  the  single-effect 
method. 

Paired  Basins 

In  paired  basins  electricity  is 
generated  with  the  flood  tide  in  one 
basin  and  with  the  ebb  tide  in  the 
other  basin. 

The  major  advantage  is  this  system 
produces  continuous  power. 

Another  advantage  is  this  system 
does  not  require  reversible  turbines 
while  still  taking  advantage  of  both 
tides.  However,  it  requires  two 
turbines  which  will  affect  costs. 

Linked  Basins 

One  basin  is  filled  at  high  tide,  and 
the  other  is  emptied  at  low  tide. 

Then  water  flows  from  one  basin  to 
another  through  turbines,  creating 
electricity. 

The  important  advantage  is  that  the 
power  generated  by  linked  basins  is 
continuous.  A disadvantage  is  that 
more  construction  and  engineering 
is  required. 
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16.  Tidal  power  is  using  a renewable  energy  source  that  is  relatively  constant  and  predictable,  whereas  river- 
based  systems  may  fluctuate  with  wet  and  dry  cycles  or  a large  area  has  to  be  flooded  to  provide  a constant 
supply  of  electricity. 

Section  2:  Follow-up  Activities 
Extra  Help 

1.  a.  Neon's  atomic  number  is  10  and  its  atomic  mass  is  20.  It  has  ten  protons  and  ten  neutrons. 

b.  Calcium's  atomic  number  is  20  and  its  atomic  mass  is  40.  It  has  twenty  protons  and  twenty  neutrons. 

c.  Boron's  atomic  number  is  5 and  its  atomic  mass  is  11.  It  has  five  protons  and  six  neutrons. 


Atomic  mass  is  conserved  (left-hand  side  = 116 /right-hand  side  = 116). 

The  atomic  number  is  conserved  [ 49  = 50  -H  ( - 1 ) ] . 

This  is  a beta  decay  in  which  a neutron  changed  into  a proton  and  an  electron  (beta  particle). 


b.  3^^  Zn^_°,e-t"3^Ga 


Atomic  mass  is  conserved  (left-hand  side  = 72 /right-hand  side  = 72). 
The  atomic  number  is  conserved  j30  = 31-l-(-l)]. 

This  is  also  an  example  of  beta  decay. 


3.  £ = 1.8x10“^^  J 

m = ? 

c = 3.00x10^  m/s 


1.8x10“^^  J 


1.8x10“^^  J 


9.00x10^^  mVs^ 
= 2.0x10"^°  kg 


4.  a.  Three  types  of  nuclear  reactions  are  radioactive  decay,  nuclear  fission,  and  nuclear  fusion. 


b.  The  three  types  of  radiation  during  a nuclear  reaction  are  alpha  radiation,  beta  radiation,  and  gamma 
radiation. 


5.  The  three  types  of  non-solar  energy  are 


• nuclear 

• tidal 


• geothermal 
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Enrichment 

1.  Ionizing  Smoke  Detector 

A small  amount  of  americium  241  (half-life  = 432  a)  ionizes  the  air  in  an  ionization  chamber  in  the  smoke 
detector.  The  ions  in  the  ionized  air  conduct  a current  which  is  registered  electronically.  When  smoke 
particles  enter  the  chamber,  the  current  is  stopped.  This  is  registered  and  an  alarm  sounds. 

Alarm  Alarm 


2. 


f = (l.90xl0^ 
= (l.90xl0^ 


a)  log 
a)  log 


15.3/ min*  ^ 
rate 

15.3/ min*  ^ 
8.25/min*g 


1.90x10^  a)log 


15.3 

8.25 


= 5.10x10^  a 


b.  f = (l.90xl0"  a)log^ 

= 1.01x10^  a 
= 10100  a 

The  fossil  is  10  100  a old. 


Yes,  it  is  over  3000  a old. 

Section  3:  Activity  1 

1.  The  population  growth  seemed  to  start  to  follow  a different  pattern  just  after  the  turn  of  the  century 
(approximately  1900-1920). 

2.  Canada's  population  is  following  an  exponential  growth  pattern,  as  shown  by  the  curve  in  the  graph. 

3.  Canada's  population  should  double  to  about  60  million  by  2050. 

4.  The  world  population  should  also  double  to  about  10  billion. 

5.  The  non-renewable  sources  of  energy  like  oil,  coal,  and  gas  are  the  dominant  energy  sources  consumed. 

6.  a.  Oil  will  continue  to  be  consumed  the  most. 

b.  The  total  energy  consumption  will  continue  to  grow  rapidly  as  shown  by  the  rising  line  in  the  graph. 
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7.  A primary  energy  consumer  is  a consumer  at  the  source.  For  example,  an  electric  generating  station 
consumes  coal  to  produce  steam  to  run  its  machines.  A secondary  consumer  is  the  consumer  at  the  point  of 
purchase.  For  example,  a meter  in  your  home  registers  how  much  electrical  energy  you  consume. 

8.  The  primary  consumer  always  consumes  the  most  energy. 

9.  a.  No,  coimtries  with  large  populations  do  not  necessarily  consume  large  amounts  of  energy. 

b.  The  more  industrialized  countries  consume  the  most  energy. 

c.  Australia,  Canada,  Luxemburg,  Qatar,  and  the  United  States  are  the  highest  consumers  per  capita. 
These  are  industrialized  countries. 

d.  Bangladesh,  China,  India,  Madagscar,  and  Toga  are  the  lowest  consumers  per  capita.  These  are 
developing  countries. 

10.  a.  The  sectors  of  society  in  terms  of  energy  use  are  residential,  commercial,  industrial,  transportation,  and 

non-energy  sectors. 

b.  The  industrial  sector  accounts  for  the  most  energy  consumption. 

c.  The  non-energy  sector  accounts  for  the  least  consumption. 

11.  The  four  factors  that  affect  energy  consumption  are  as  follows: 

• lifestyle  - how  much  energy  people  choose  to  use 

• economics  - the  cost  of  energy 

• technology  - the  efficiency  of  energy  conversion  systems 

• geography  - the  bigger  the  country  or  the  colder  the  climate,  the  more  energy  consumed 

12.  a.  The  population  will  continue  to  increase  exponentially. 

b.  Humans  will  probably  continue  to  exploit  non-renewable  sources  of  energy  in  the  near  future. 

c.  Our  demands  will  increase  rapidly  due  to  the  increase  in  population  as  well  as  the  industrialization  of 
the  developing  countries. 


Yearly  Consumption 
of  Energy  Source  as 
of  1995  (EJ) 

Proven  Reserves  of 
. Energy  Source  (EJ)  i 

Projected  Years  Left  . » 
of  Energy  Source  (Assuming 
1995  demands) 

Oil 

151.8  EJ/a 

5733  EJ 

5733  EJ  „ 

151.8  EJ/a  “ ■ ^ 

Coal 

105.4  EJ/a 

31  283  EJ 

31283  EJ 

; = 297  a 

105.4  EJ/a 

Gas 

82.2  EJ/a 

4704  EJ 

-57  2 a 

82.2  EJ/a 
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b.  In  about  57  a we  will  run  out  of  gas  and  in  about  38  a we  will  run  out  of  oil. 

c.  No,  we  will  probably  run  out  of  non-renewable  energy  sooner  because  our  demands  will  probably  be 
greater  in  the  future. 

14.  We  will  run  out  of  non-renewable  energy  sources  in  the  near  future  (with  the  exception  of  coal). 

15.  We  must  either  change  our  energy  demands  or  find  alternate  sources  of  energy. 

Section  3:  Activity  2 

1.  Although  your  answers  may  vary,  following  is  a sample  of  a student's  analysis. 


Renewable 

Five  Advantages 

Ratings 

Five  Risks 

Ratings 

Energy  Source 

or  Benefits 

0-10) 

or  Costs 

(1-10) 

Solar  Energy 

• energy  from  the  sun 

10 

• solar  energy  intermittent 

5 

(Solar  Cells  or 

inexhaustible 

• uses  hazardous  materials 

6 

Photovoltaic 

• produces  no  direct  pollutants 

10 

• costs  more  than  hydro 

5 

cells) 

• no  fuel  costs 

10 

electric 

• easily  installed 

10 

• visual  pollution 

5 

• few  parts  to  wear  out 

8 

• covers  large  areas 

6 

Total  = 

48 

Total  = 

27 

Wind 

• plentiful  in  most  areas 

10 

• intermittent 

5 

• produces  no  direct  pollution 

10 

• produces  small  amount  of 

8 

• no  fuel  costs 

10 

energy 

6 

• easily  installed 

10 

• higher  cost  to  produce 

• equipment  not  highly 

5 

energy 

5 

technical 

• noise  and  visual  pollution 

5 

• not  available  in  all  areas  for 

reasonable  length  of  time 

Total  = 

45 

Total  = 

29 

Biomass 

• readily  available 

10 

• releases  harmful  gases 

10 

• easily  replenished 

10 

• produces  solid  waste 

6 

• almost  all  contain  no  SO  ^ 

5 

• lower  heat  energy  than 

5 

• releases  CO  ^ for  replanting 

5 

fossil  fuels 

Z r o 

• provides  additional 

8 

• overharvesting  damages 
environment 

9 

trucking  employment  in 

• higher  cost 

6 

production 

loto[  = 

38 

TotaU 

36 
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Hydro 

• no  pollution 

10 

• high  construction  cost 

8 

• no  fuel  costs 

10 

• seasonal  changes  in  water 

5 

• reservoirs  useful 

5 

flow  affect  production 

• long  lasting 

6 

• affect  local  habitat 

5 

• produces  great  amounts 

8 

• cause  erosion 

6 

• dams  harm  environment 

8 

Total  = 

39 

Total  = 

32 

Geothermal 

• great  amounts  in  certain 

8 

• few  sites 

8 

areas 

• produce  thermal  pollution 

8 

• construction  costs  low 

8 

• releases  gases 

10 

• no  fuel  costs 

8 

• smelly 

10 

• produces  little  pollution 

8 

• disrupts  environment 

8 

• less  time  to  build 

5 

Total  = 

37 

Total  = 

44 

Tidal 

• inexhaustible 

10 

• few  sites 

8 

• no  pollution 

10 

• intermittent 

8 

• long  life,  little  maintainence 

10 

• high  construction  costs 

6 

• no  fuel  costs 

10 

• affect  environment 

8 

• useful  to  link  communities 

4 

• affect  habitat 

5 

Total  = 

44 

Total  = 

35 

PmkM 

Btrife'RGYSbURCES 

- 

Non-Renewable 

Five  Advantages 

Ratings 

Five  Risks 

Ratings 

Energy  Source 

or  Benefits 

? (1-10)  c 

or  Costs 

(1-10) 

Fossil  Fuels 

• accessible  worldwide 

7 

• irreplaceable 

10 

• affordable 

7 

• dwindling  reserves 

10 

• have  great  deal  of  energy 

7 

• pollutes  air 

10 

• energy  released  easily 

5 

• oil  spills 

10 

• technology  to  extract 
already  in  place 

5 

• environment  affected 

10 

Total  = 

31 

Total  = 

50 

Nuclear 

• produces  enormous  energy 

10 

• non-renewable 

10 

• no  gases  emitted 

8 

• construction  expensive 

8 

• large  reserves 

5 

• radioactivity  hazard 

10 

• low  operating  costs 

8 

• nuclear  waste  disposal 

10 

• meltdown  not  possible  with 
fusion 

8 

• danger  of  accidents 

10 

Total  = 

39 

Total  = 

48 
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2.  Answers  may  vary,  but  may  be  similar  to  the  following  results. 

a.  solar  b.  fossil  fuels  c.  fossil  fuels  d.  solar 

3.  Answers  may  vary,  but  you  should  recommend  a source  with  a high  benefit  and  a low  risk;  for  example,  solar 
energy  or  wind  energy. 

4.  a.  The  key  environmental  concern  is  gaseous  pollution. 

b.  i.  CO2,  CH4,  NO^,  and  VOCs  hi.  NO^andVOCs 

ii.  NO  ^ and  SO  2 

5.  Nuclear  power  is  considered  the  unforgiving  technology  because  nuclear  accidents  have  a long-term  effect  on 
the  environment. 

Section  3:  Activity  3 

1.  The  energy  crisis  is  a critical  situation  that  will  result  when  society  runs  out  of  the  most  consumable  energy 
supply — that  of  of  oil,  gas,  and  coal. 

2.  There  is  a search  for  more  reserves  of  oil  and  gas  as  well  as  trying  to  use  the  current  supply  more  efficiently. 


3.  A better  solution  would  be  to  search  for  alternate  sources  of  energy  while  continuing  to  concentrate  on  how 
to  use  energy  more  efficiently. 

4.  Answers  may  vary,  but  may  be  similar  to  a student's  analysis  shown  in  the  following  table. 


ENERGY  EFFICIENCY  IN  THE  VARIOUS  SECTORS  OF  SOCIETY 

^-Sector,  of 
r Society 

* What  ore  the  methods  that  can  be  used  to  achieve  greater  energy  efficiency  in 
each  sector?  List  at  least  three  methods  and  explain  how  efficiency  is  achieved. 

Residential 

• insulating  and  sealing  houses — prevent  heat  loss 

• turn  furnaces  down  at  night  or  if  house  not  occupied — less  fuel  consumed 

• maintain  furnace — increases  fuel  efficiency 

• use  hot  water  more  efficiently — less  fuel  consumed 

• use  double-glazed  or  triple-glazed  reflective  windows — less  fuel  consumed  in  cold  climates 

• use  reflective  windows — less  cooling  required  in  warm  climates 

Commercial 

• use  heat  exchangers — save  fuel  costs 

• use  solar  heating — save  fuel  costs 

• convert  from  electrical  to  gas  heating — save  fuel  costs 

• co-generation — save  fuel  costs 

• use  reflective  glass — save  cooling  costs 

• also  all  methods  included  in  residential 

Industrial 

all  uses  included  in  commercial  sector  with  increased  emphasis  on  co-generation 

Transportation 

• use  more  efficient  engines — reduce  fuel  costs 

• car  pool — reduce  fuel  costs,  save  energy  used  to  produce  vehicles 

• use  proper  driving  habits — save  fuel  costs 
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5.  Textbook  question  1:  The  efficiencies  will  vary.  Since  the  amount  of  water  and  heating  device  are  the  same, 

the  differences  in  time  should  be  due  to  the  different  type  and  material  in  the  water  container.  A large 
heating  surface  should  be  an  advantage  for  heating  but  will  be  a disadvantage  if  cooling  time  were 
measured. 

Textbook  question  2:  The  lower  the  temperature  drops  in  the  ten-minute  time  period,  the  less  efficient  the 
unit.  Units  with  large  heating  areas  (without  insulation)  will  cool  quickly. 

Textbook  question  3:  The  different  thickness,  type  of  material,  and  shape  will  contribute  to  the  efficiency  of 
the  water  heater.  Some  insulating  materials  will  be  better  than  others. 

Textbook  question  4:  Changes  to  insulation  type  or  thickness  as  well  as  container  material  could  increase 
the  efficiency  of  the  hot  water  heater. 

Textbook  question  5:  The  area  of  contact,  the  type  of  material  used  on  the  heating  surface,  as  well  as  the 
prevention  of  drafts  (controlled  air  intake)  will  affect  the  efficiency  of  a natural  gas  burner  as  an  energy 
source.  In  addition  the  way  in  which  the  exhaust  gases  are  allowed  to  pass  through  the  hot  water  tank 
will  affect  the  efficiency. 

6.  Answers  will  vary,  but  your  design  should  include  improvement  in  insulation  of  the  tank  and  hot  water 
pipes.  Your  design  could  also  include  a secondary  heating  device  such  as  a solar  heater  added  in  and 
connected  to  the  water  line. 

7.  Sustainable  development  is  development  that  meets  the  needs  of  the  present  generation  without 
compromising  the  needs  of  future  generations. 

8.  Different  people  have  different  opinions  on  how  to  attain  a sustainable  environment. 

9.  Even  with  wise  usage,  the  non-renewable  energy  sources  will  eventually  run  out. 

10.  The  countries  of  the  world  must  draft  an  energy  policy  that  overcomes  obstacles  to  sustainable  energy  use. 

Section  3:  Activity  4 

1.  The  tack  stimulates  pain  receptors  in  the  skin  of  the  foot.  The  pain  receptors  in  turn  stimulate  a sensory 
neuron,  which  carries  an  impulse  up  the  leg  to  the  spinal  cord.  In  the  spinal  cord  an  interneuron  is 
stimulated.  The  impulse  is  transferred  to  a motor  neuron,  which  in  turn  stimulates  muscles  in  the  leg,  and  to 
a spinal  neuron,  which  carries  the  impulse  to  the  brain.  The  leg  and  foot  jerk  away  from  the  point  of  impact 
and  the  brain  recognizes  the  event. 

2.  You  would  expect  to  see  a dominant  X-linked  trait  expressed  more  frequently  in  women  than  in  men 
because  women  have  two  X chromosomes  and  therefore  have  twice  the  chance  to  have  the  trait. 

3.  Vinegar  can  act  as  a Bronsted-Lowry  acid  by  donating  protons  to  water  forming  hydronium  ions.  The 
equation  is  as  follows. 

CH3COOH,  . +HOH.,.  ^CH,COO"  ,+H,0;  , 

3 ( aq ) ( 1 ) 3 ( aq ) 3 ( aq ) 
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4.  Use  the  equation  for  gravitational  field  intensity,  g = and  solve  for  m. 


(9.81N/kg)(6.38xlO^  m)" 
6.67x10“^^  N*m^  /kg^ 

= 5.99x10^^  kg 


The  mass  of  Earth  is  5.99  x 10  kg . 


Section  3:  Follow-up  Activities 


Extra  Help 


1. 


Solar  renewable 

Wind  renewable 

Biomass  renewable 

Hydro  renewable 


Geothermal 

Tidal 

Fossil  Fuels 
Nuclear 


renewable 

renewable 

non-renewable 

non-renewable 


b.  Benefits  of  using  non-renewable  energy  are  as  follows: 


• easily  available 

• systems  for  extraction  already  in  place 

• most  technology  geared  to  these  as  fuels 

• cost  efficient 

c.  Risks  of  using  non-renewable  energy  sources  are  as  follows: 

• environmental  pollution 

• disruptive  to  wildlife 

• destroys  habitats 

• non-renewable 


d.  The  non-renewable  sources  are  currently  being  exploited. 

e.  The  amount  of  non-renewable  energy  consumed  will  rise  rapidly  in  the  future  as  non-developed 
countries  become  more  industrialized. 

f.  The  world's  population  is  rising  exponentially. 

I g.  The  first  problem  identified  is  that  non-renewable  resources  will  be  depleted  in  the  not-so-distant  future. 

I 2.  The  major  problem  arising  from  current  energy  usage  is  that  of  environmental  pollution. 

I 
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3.  a.  The  four  major  sectors  that  were  discussed  are  the  residential,  commercial,  industrial,  and  transportation 

sectors. 

b.  This  only  prolongs  the  problem,  for  eventually  non-renewable  resources  will  run  out. 

c.  Increasing  efficiency  in  energy  usage  has  reduced  the  pollution  problem  considerably. 

4.  We  must  concentrate  on  technologies  that  consume  renewable  energy  sources. 

Enrichment 

1.  Answers  will  vary  but  should  include  ideas  on  expanding  use  of  renewable  energy  sources,  developing  more 
efficient  electric  or  solar  vehicles,  developing  hydrogen  fuel  vehicles,  and  so  on. 

2.  Answers  will  vary.  Your  report  should  include  a discussion  on  what  is  available  at  the  present  time  as  well  as 
what  is  proposed  for  the  future  in  terms  of  your  chosen  energy  source.  You  might  also  include  a discussion 
of  benefits  and  risks  of  the  chosen  energy  source. 
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